PROCEEDINGS OF THE ‘SOCIETY FO FOR ANALYTICAL CHEMISTRY 


A JoInT Meeting of the Society with the Fine Chemicals aati of the Siiialie of Chemical — 
Industry was held at 6.30 p.m. on Friday, March 18th, 1960, at the School of Pharmacy, 
Brunswick Square, London, W.C.1. The Chair was taken on by the President of t the Society for 
The subject of the meeting was ‘‘Techniques of Automatic Analysis” and the following or 
2 papers were presented and discussed: “‘Automatic Analysis in the Chemical Industry,” by 
mak. M. Pearson, A.R.I.C.; Sera in Clinical Biochemistry,” by I. D. P. Wootton, — 


a 


CUS ‘Ordinary M Meeting of the Society wa was held at 7 p.m. on Wednesday, April 6th, 1960, in _ 


Mmm the Meeting Room of the Chemical Society, Burlington House, London, W.1. The Chair 
was taken by Dr. D. C. Garratt, F.R.I.C., Vice-President. 


™ = The following papers were presented and discussed: “A Combined Gravimetric Sand 
my Photometric Procedure for the Determination of Silica in Silicate Rocks and Minerals,” by i? 
?.G. Jeffery, M.Sc., Ph.D., D.L.C., A-R.C.S., F.R.LC., and A. D. Wilson, B.Sc. ; Estima-_ 
ie tion of Trimethy lene Glycol in Glycerol by Gas Chromatography,” ” by J. Clifford, — 
; “Direct Colorimetric Determination of Trace Chloride,” T. Nash, MA A., ‘Bsc., 
A. R. I. 


record with th regret the « deaths « of 


Francis William Frederick Arnaud. 
David Thomas Ernest Chandler. 


_ SCOTTISH SECTION 


AN Ordinary Meeting of the Section | was held at 7. 15 p.m. on on Friday, F a 26th, 1960, 
at the Central Hotel, Glasgow, C.1. The Chair was taken by the Chairman of the Section, 
Mr. A. N. Harrow, A.H.-W.C., F.R.IC. 
‘he following papers were presented and discussed: “Analytical Methods in the Hygienic 
Control of Industrial Atmospheres,” by J. C. Gage, B.Sc., Ph.D., F.R.LC.; ; “Analytical — a 

Problems in the Isolation and Measurement of Traces of Radioactivity i in| Foods, ’ “by Professor — i, 
J. Hawthorn, B.Sc. Ph.D., AR.CS.T., 


ALN 


“the Section with the Birmingham and “Midlands Section of the Royal 

m Institute of Chemistry was held at 7 p.m. on Wednesday, February | 24th, 1960, in the 
Department of Chemistry, The University, Edgbaston, Birmingham, 15. The Chair was — 

taken by the Chairman of the Midlands Section, Dr. S. H. Jenkins, F.R.I. é. -Finst.S.P. 

following paper was presented and discussed: “Some Analytical of Re- 

actions in Certain Non-aqueous Solutions oo Professor V. Gutmann. he: gris 

| AN Ordinary Meeting of the Section was held at 6. 30 p.m. on Wednesday, March 9th, 1960, 

in the Meson Theatre, The Street 3. The was 
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‘The following paper was presented and discussed: “Plant Growth 
—Some Aspects,” by Professor R Wain, D. Sc. , Ph. D., F.R.LC. 
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= THE Sixteenth Annual General Meeting of the Microchemistry Group was held at 6 p.m. on . = 
Friday, February 19th, 1960, at the Postgraduate Medical School, Ducane Road, London, - 
‘i ae. 12. The Chair was taken by the Chairman of the Group, Mr. F. Holmes, B.Sc., A.R.I. ® - oa 
‘The following Officers and Committee Members were elected for the forthcoming year:— | 

3 Chairman—Mr. F. Holmes. Vice-Chairman—Mr. C. Whalley. Hon. Secretary—Mr. D. W. at 
Wen Department of Chemistry, Sir John Cass College, Jewry Street, Aldgate, London, “hae 
-E.C.3. Hon. Treasurer—Mr. G. Ingram. Members of Committee—Miss M. Corner, Messrs. me 
CRB ‘Dennis, C. A. Johnson, R. Magee, D. F. Phillips and H. C. j. Saint. Dr. . 
Cooper and Mr. H. Childs were re-appointed as Hon. Auditors. 
_ The Annual General Meeting was followed at 7 p.m. by a Joint Meeting of the Micro- | 
‘chemistry Group with the Biological Methods Group. The Chair at this meeting was taken te 
by the Chairman of the Biological Methods Group, Dr. J. I. M. Jones, F.R.I.C. The following f 
_ papers were presented and discussed: ““Micro-analysis in Clinical Biochemistry,’ by Professor THE | 
__ E. J. King, M.A., D.Sc., F.R.L.C.; “Completely Automatic Methods in Microanalysis, ” by fin th 
_ I. D. P. Wootton, M.A., M. B., Ph. D., F.R.LC.; “Automatic Titration Apparatus,” by Ruth the a 
Haslam, M. B., D.C.P., and I. D. P. Wootton, M.A., M.B., Ph.D., F.R.I. G: “Flamé Photo- J many 
: _ metric Analysis of Divalent Cations in Biological Materials,” by I. MacIntyre, M.B.; “Optical | of m 
Rotatory Dispersion,” by W. Klyne, M.A., D.Sc.; ‘ ‘Spectrofluorimetric mole 
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THE structures of macromolecules are in general primarily of interest to physical chemists. = &§ 
In this field of study, as indeed in many others, the techniques developed are of interest to — 

the analyst. The chemistry of the high polymers deals with the study of large molecules; — 
many of these occur naturally, e. Bs rubber, proteins and carbohydrates, and similar types 

of material can be synthesised. — In such scram work the chemist aims to Produce a ; 


molecule ‘‘tailor-made’”’ for any specific 


A high molecular weight is a common characteristic property of all polymeric materials; _ 
indeed most of their properties are dictated by this and other closely related factors. In < 
studying these materials, new and old techniques, both "qualitative and quantitative, | rm s 


These molecules are ianitiltiies by repetition of a single n monomer unit, A; the structure 


like molecule. The number of these units is termed the degree of polymerisation, and thus" b 
the molecular hem is found by multiplying this quantity by the a r weight of the 
monomer unit. The molecule may be branched, as shown below— 


and both the number of branches and their lengths may vary. Dissimilar monomers may a 
sometimes polymerise simultaneously to produce a copolymer, which may be one of two 
types: (a) a copolymer having alternating structure and (5) one having random structure, 
ABABA ABBAAABABB. 


A-A-A- 


and the number of s gem in each molecule i is small. I. Ina branched molecule, ‘the mo mo! 
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Vol 85 
“this is a graft ‘When are or when different 
_types of chemical reaction are possible, the structure may be three- ica staal 
A-A-A-A-A-A-A-A-A-A-A-A- 
A-A-A-A-A-A-A-A-A-A~A AA 
“Such a molecule is said to be cross-linked. fer cross- linking occurs only ir in a few sean the 
‘material is usually soluble and fusible, but if cross-linking is excessive, resulting in a small 
number of molecules present in a large mass of material, the product is insoluble and infusible. 
_ High polymers in which the stereochemical arrangement of the monomer units is con- 
a _ trolled have recently been synthesised.1;2,3 From the point of view of this paper, they also 
_ may be investigated by the methods discussed; in solution, their properties do not differ 
greatly from those of their non-stereospecific counterparts. iy 
_ From the methods of synthesis and also from a study of physical properties, we know 
that in any sample of polymeric material many different sizes of molecules are present. Since 
it is erroneous to think of this class of materials as being of uniform molecular size, when we 
refer to their molecular size we are referring to an average value. In general, when there 
_are present N, moles of material M,, where in principle ¢ can vary from one to infinity, the 
-number- ~average molecular weight is calculated on the basis of the fraction by number of 
t. The number- molecular weight, is therefore given _by 


If the ave i € the basis of the fraction by weight of each ren =" the 
result is the get shpat molecular weight, M,,, which is given by the expression- 


If the material i is s monodisperse, only: one , species iis s present _— the two averages; are are identical. 
In practice, t covers a wide range of values and M,, i is always greater than M,. . Further, 


the ratio of M,, to M,, is a measure of the range of molecular weights present, 7.e., the molecular- 

: weight distribution. _ Both the value of the mean molecular weight and the molecular- -weight 
distribution are of significance in the characterisation of polymeric material. 

- In solution, molecules of a material having a fixed molecular weight may vary in shape 
= nd size. If dissolved in a good solvent, the molecules will be extended and possess a large 
end-to-end distance. In a poorer solvent, or if non-solvent is added to the good solvent, 
_ the viscosity decreases as a result of a decrease in size of the molecules; finally, if sufficient 

-non-solvent is added, the polymer molecules are precipitated as spherical particles. These | 
particles, if prepared in —_— circumstances, can be viewed as individual molecules with 
an electron microscope.‘ 

if non-solvent is added to a solution of a high polymer, the solvent and the non-solvent | 
being miscible i in all proportions, precipitation of the polymer occurs at a well defined solvent 
composition. — _iIf the initial-precipitation point, Ys 1 is defined, as a volume concentration, 
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polymer only, ‘ys is on the concentration of the and the 
weight species present. For polymers differing in chemical composition, but nevertheless 
soluble in a single solvent, ys is also dependent on the chemical composition. Precipitation ta 
always occurs over a range of solvent - non-solvent compositions and is dependent on the 

concentration of the solution and the molecular weight of the polymer. All these facts a 


were established in exploratory work by Staudinger® and Schulz and Jirgensons*; they also 


‘The use of precipitation as a quantitative method was first suggested by Morey and 


of the molecular weight. Turbidimetric involves precipitation of and 
investigation of the amount thrown out of solution at any particular concentration of solvent 

by measuring the light transmission of the suspended polymer. Fig. 1 shows in diagrammatic 
form the essentials of the instrument required to carry out these measurements. A Spokes 
absorptiometer can be simply adapted for work of this type. Instruments have also been | 
specially designed for this purpose,®.*.1° and that designed by Melville and Stead is perhaps — 
more suitable if a large number of measurements has to be made.*® tt” re 
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= =z 
mes Fig. i’ Modified Spekker absorptiometer used in the turbidimetric titration « “i 
Five points, relevant to both instrumentation and “experimental procedure, “require 


(i) Inthe earlier work it was usual to add the non-solvent in about 0-5-ml increments, 
4 to stir, and to record the transmission measurements until equilibrium was attained ; 
and reproducible ‘results can be achieved by adding the non-solvent slowly and con- 
‘ tinuously ; for a cell of 50-ml capacity a suitable rate is about 0-002 ml nee second. 
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A it) All ‘gaa recij itants should te filtered through a -sintered- lass filter 
rosi 0. 3 or finer) before use. 


_ de (itt) Provided that the rate of stirring is below a critical maximum it does not | 

appear to influence the size of the precipitated particles; rapid stirring usually promotes 

a far, coagulation of the polymer, thereby invalidating the results. The tendency towards 
_ aggregation varies from system to system, so that no generalisations are possible; how- 
ever, stirring should be as gentle as is compatible with thorough mixing. The stirrer 
_ can be placed in the light beam without causing complications, provided that it does 
ie not cause air bubbles to appear in the bulk of the liquid. An air-driven turbine (Quickfit 


(iv) ‘Adequate | ‘control of temperature. can be achieved by, circulating water 
thermostat. If the solvent and non-solvent have an appreciable heat of mixing, this 


may be troublesome if the non solvent i is not added ‘continuously. aid ante anoles 


my 2 @) The final turbidity and hence the accuracy of the method cannot be increased 
‘ beyond a certain limit by i increasing the concentration of the solution; at high concen- 
trations coagulation will result. Concentrations greater than 10 mg per 100 ml in the 
_ initial solution can seldom be used, and concentrations much higher than this have been 
used only once. Examples of suitable polymer - liquid systems are benzene - methanol 
_or toluene - butanol for polystyrene, benzene - methanol or ethyl methyl ketone and 
water - methanol (75 + 25) for mixtures of polystyrene and methyl methacrylate and 
= acetone - water for poly(methyl methacrylate) - poly(vinyl acetate) mixtures. The systems 
> suitable for the mixed-polymer samples should also be suitable for the corresponding ; 
copolymers, 
The increase in turbidity, , t.e., the decrease in light transmission, is only a a measure of 
a the amount of polymer precipitated if three conditions are satisfied. _ The first is that a cor-_ 


rection for the dilution caused by adding non-solvent can be made on . the basis of Beer’s law. 
(This can be verified experimentally; an alternative approach is to use a constant-volume 
_ system, which involves a cell having an overflow system that allows mixed solvent and precipi- 
tate to flow away at the same rate as non-solvent is added.) | The second is that all the ~ 
4 particles comprising the precipitate are of identical size and also that, during theintermediate | 


stages, material coming out of solution goes towards the formation of new particles and is 

not deposited on particles already formed. The third condition is that the swelling of the 
- oes not caused by variation in the amount of solvent present as the titration proceeds, — 
does not affect the particle size. It is known that this swelling effect is dependent on the : 

~ molecular weight and also that solvent is generally absorbed in preference to non-solvent. | 

_ The two liquids usually have different refractive indexes, and this leads to a change in the © 

te scattering power of the particle, owing to a change i in its effective refractive index; this oor 


decrease in 1 turbidity when non-solvent is added after ‘procinitation is ‘complete. _ The effect 
is, of course, eliminated if a solvent - non-solvent pair having identical refractive indexes 
On the basis of electron _micrographs and light- -scattering measurements,!® it seems 
- probable that the particle size changes during titration. In spite of this results are 


reproducible; indeed, quantitative results based on the | the assumption tl that a above ‘conditions 


are satisfied give sensible and useful — 


When a modified Spekker instrument is used, the procedure is as described below. The 
cylindrical cell is filled with an appropriate amount of polymer solution, and an amount of 
_ non-solvent, insufficient to cause precipitation, is added. This brings the solution close to’ 
the precipitation point. At this stage the liquid in the cell should completely cover the 
light beam. Precipitant, usually about 10 to 20 ml, is then added continuously, and the 
a photocell out outputs are balanced lid movement of of the drum, this being | done at t equal intervals 
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The addition may be made by using either 

___argued that continuous addition will more closely correspond to true equilibrium phot 
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‘| “of time. ‘The drum, D (see Fig. 1), is initially set to read an em sisi of unity, and the ne 

= are balanced by adjusting the iris diaphragm, I. If the capillary feed is froma _ 
wide-bore container through a large head of liquid, the rate of efflux from the capillary a te 
_ be assumed to be linear with time. Thus, with drum readings being taken at equal intervals 

- of time, the composition of the liquid mixt mixture in the titration is known — the baaseadl 


TREATMENT OF ‘RESULTS— 


‘The observed turbidity, 7 
the’ corrected he. dilution, ‘is given | oy tie expression— 


1 being the saa of liquid i in the “a aie measurements in ve same cell, the quantity : 
_7l can be used instead ofr. Figs. 2 and 3% show the variation in measured turbidity, corrected 


dilution, with solvent composition for two polystyrenes differing in 


<7 


| 


- 


Fig. 2. Graph showing in turbi- 
dity with added non-solvent for different concentrations oe 
e polystyrene (molecular weight = 4 x 10): curve A, 10 x ra 
0-264 mg; curve B, 7-5 x 0-264 mg; curve C, 5 x 0-264 © 
a : ‘mg; curve D, 4 x 0-264 mg; curve E, 3 x 0: 264 ‘mg; curve © 
a F, 2 x 0-264 mg; curve G, 0. 264 mg 


The solvent - a om mixure was ethyl methyl ketone and water - a (15 + 25) a 
It can be seen that the maximum turbidity measured is dependent on the amount of polymer 
present and also that the turbidity continues to increase after precipitation is complete. 
| This can be attributed to the refractive-index changes in the continuous phase. If the — 
T linear portion of such a curve is extrapolated back to zero concentration of non- -solvent, . 
o> intercept is proportional to the initial concentration of the polymer solution. oe 
_ The chemical nature of a polymer has a much greater influence on its solubility than 
has its molecular weight . This can be seen from Fig. 5, in which the percentage change in . 
; turbidity is plotted against the percentage of methanol added to benzene solutions of polymers. — - os 
Curves A and B are for polystyrene and poly(methyl methacrylate), respectively, and curveC _ 
ij is for a mixture of the two polymers in a single solvent. If these two polymers, dissolved in 
_ benzene, are simultaneously subjected to ultra-sonic radiation, both are degraded, and some 
block copolymer is formed by combination of the fragments. _ The turbidimetric-titration 
curve for such a system after irradiation is shown in shite 6. X is the polystyrene, Yi is badlll 
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: is precipitated over a wide range of solvent compositions, its solubility being primarily 


- determined by chemical composition and only to a secondary degree by molecular weight. : 


block copolymer and Zi is the ryl methacrylate). random or marily 


gee 
; Fig. 3. Graph showing variation in corrected turbidity with _ 
<>, added non-solvent for different concentrations of polystyrene 
-. — (™, = 80,000): curve A, 5 x 0-207 mg; curve B, 4 X 0-207 mg; | 


curve C, 3 > x 207 mg; curve D, 2 x 0-207 7 mg; 'E, 0- mg 


‘When the titration curve is used primarily to investigate the ‘molecular- -weight distribu- 


tion, preliminary calibration is necessary. This involves titration of several fractionated — 
, samples having known molecular weights, thereby establishing the solubility relationship — 
given in equation (3). Results of this type have been reported for cellulose acetate butyrate,’ | 


cellulose nitrate’ and poly(methyl methacrylate).® For the last-named compound, the 
distribution curve was with h that from a of the poly- 


2c 


_ turbidity at zero per cent. non-solvent) plotted against the 
weight of polymer in the titration cell: curve A, molecular 
: weight of polymer = 80,000; curve B, molecular weight | 


of polymer = 4 x 10° 

- There is no ) doubt that much qualitative information is readily obtainable — measure- 
ments of this type. The exact quantitative interpretation is open to question, but it must 
be remembered that the process of obtaining more exact information, particularly in tm 


field of molecular- -weight distributions and the aie of block ‘copolymers, is time-con- 
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5. Variation in turbidity with added non-solvent: curve A, 
polystyrene; curve B, poly(methyl methacrylate); curve C, a mixture 


mixture of polystyrene (X), poly(methyl methacrylate) (Z) and a 


4 


an The iain of a medium can be determined from a knowledge “ the i intensities of 
the incident and transmitted beams. This i is the approach used in turbidimetric titrations 
when the polymer is precipitated from solution and the resultant turbidity is appreciable, 
and, because there is a large difference between the two intensities, the turbidity can be 
with fair precision. Solutions of polymers are not turbid, and the cells 


of flight by a is a result of the thermal of the 
which causes small refractive-index changes in the solution. The molecular weight of the — 
solute is related to the excess scattering of the solution over that of the solvent; the larger 
the molecular weight of the solute, the greater the optical inhomogeneities produced. _ This 


excess of scattering, 7.¢., the difference between the values of the solution and solvent 


— 
y- | 
| 
4 
ig is the intensity of the scattered light measured at_a distance from the scattering <a 
re centre in a direction @ to the light be ——— 
a 


ag 
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the solution i in gum pe millilitre, B is the second virial coefficient and K is defined by the ¥ 


~ 


which n is the of the solvent at i is the variation in| 
_ the refractive index of the solution with concentration and N is Avogadro’ s number. The > 
value of K is therefore constant for any one solvent - polymer system. If the scattering is | 

_ measured at several concentrations and the quantity Kc/Rg is plotted against c, the molecular Fac 
weight i is then given _by the value of the intercept when the points are extrapolated to a asu 


: It must be stressed that the molecular weight so obtained is the weight-average ge value. det 


= _ The light scattered by simple liquids and solutions of polymers having low molecular val 
weights is symmetrical about a position normal to the light beam. This was the type of 
scattering first studied and is usually referred to as Rayleigh scattering. However, when 
the diameter of the scattering particle becomes greater than about one-tenth of the wavelength : av 
of the light, measured i in solution, the amount of light scattered in the backward direction wa 
(9 > 90°) is decreased, owing to the destructive interference between light scattered from ; ~ div 
different parts of the scattering centre (a polymer molecule). Light scattering from solutions J 
of a solute having a high molecular weight is therefore relatively less than the Rayleigh — 
< re at all finite angles. No matter what the particle size, however, the scattering 

at 0°, t.e., in the direction of the transmitted beam, is not affected by interference. The — 
ratio yen the measured value and the Rayleigh value is called the particle-scattering 


factor, Pg. Its value can be calculated for well defined geometric forms, namely, rigid rods, 
spheres and random coils,’ the last-named being that conforming | most closely to the shape 


wh The exact in all instances, between | the of : 


tends unity as as tends to zero and also as M, decreases. Pg may be 


for all values of @ when M,, is sufficiently small, but only when 0 ‘tends to zero for large © 
a _ The angular variation in scattering can be interpreted in terms of the particle-scattering 
factor or as a dissymmetry factor, z, which is the ratio of the scattering at angles symmetrical 
about the normal. Thus 2jon35° is the ratio of scattering at 45° to that at 135°. The dis- : 
symmetry always has a value greater than or equal to unity at low or zero concentrations. 7 
_From the experimentally determined values of Pg or z, by assuming that the particle conforms 
to one of the geometric forms mentioned earlier, an estimate of the size of the polymer molecule 
in solution can be made.’7-18.!° A description of the apparatus required and the experimental 
technique is beyond the scope of this review; for further information the reader is referred : 
to recent books.!2.18 Given a suitable instrument capable of measuring the extremely low © 
_ light intensities encountered, the main problem is in handling the solutions, which must — ; 
at all times be free from dust or other contamination that would also cause scattering. Fur- § ‘ 
ther, the intensity of scattering is several orders of magnitude less than that of the incident 
beam, and both must be measured with precision to determine the values of Rg required 
in the determination of the weight-average molecular weight. 
Viscosity measurements on dilute solutions of polymers is the er most widely used» 
q for determining molecular weights. Light-scattering: studies i involve a more exacting experi-— 
mental technique and are usually more time-consuming. Compared with the osmotic- 
pressure method, the time-factors are approximately equal, but the apparatus is more com- 
A light- ‘scattering is, however, less complicated than an ultracentrifuge. 
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Its chief merit is that it gives the weight- average molecular w muighhie without lies to any 


other method; the viscosity method has to be calibrated by reference to some other method. | ae 
At the same time as the in solution is obtai = size 


During the years 1949 to 1955 several fractions of polystyrene were sent to various 
laboratories throughout | the world. _ This co-operative experiment was initiated by —~ 

- Macromolecular Commission of the International Union of Pure and Applied Chemistry. “} 
Each laboratory carried out independent molecular-weight measurements by several methods; - ‘ 
a summary of the recorded results was given by F rank and Mark.” Because of the amounts 


_ required, these samples could not be highly monodisperse, and this was confirmed by the | 
= of weight-average to number-average molecular weights (M,,/M,) found. For all the 
_ samples studied, this ratio was appreciably greater than unity. From this information, one 
can estimate the error relevant to any one of the more usual methods of molecular-weight — 
- determination. By taking results for only one - polymer having a molecular weight of average 

_ value and by quoting results for only one solvent, namely, ethyl methyl ketone, the mean 
‘aie of the molecular weight determined osmotically was 235,000, with a spread of +15 per 
ory M,, from light scattering was 330,000 + 10 per cent. and the viscometric values showed _ 
a variation of +10 percent. When viewed i in this way the alternative methods show — 
accuracies. At first sight the error may appear to be large, but in view of the nature of oe: a 


| _In favourable circumstances it is possible to measure low molecular alas by the 


- diverse s sources of the results, the accuracy should be regarded as satisfactory, = === bc 4 
- light- -scattering method. Maron and Lou® have confirmed the calibration of their own 
_ instrument, based on the use of Ludox, a colloidal dispersion of silica, by measuring the mole- 
cular weight of sucrose in aqueous solution. The value arrived at was 338 + 6, ‘compared — 
with the known value of 324-2. Work on material having a low molecular weight has also 
been reported by Rempp and Benoit2 The number-average molecular weights of some | 
polyoxy glycols were estimated by end- -group analysis and found to be within the range 
320 to 10,000. _ Values based on light-scattering measurements were in “close: 
the ratio M,,/M, varying from 1-07 to 1-30 as the molecular weight increased. Again, ‘the - 
closeness of this ratio to the theoretical value of 1-0 for monodisperse material is good 
evidence for the accuracy of the light-scattering values. 
__ The application of this optical method to the study of high polymers has been dealt — 
with in recently published books.!2+18 Selected references that may be of interest deal with a .. 

-poly(methyl methacrylate) substituted polymethacrylates,™ poly(vinyl acetate)* and poly- 
_ styrene.** In the field of what may be termed naturally occurring high polymers, work has i. a 
been described on starches cellulose derivatives,* dextrans*.*° and the fibrin - fibrinogen 
system.*! The micelles formed by surface-active agents in aqueous solutions are of a size 
rendering them suitable for study? 

_ Polyethylene is an important commercial substance. It is somewhat different from other 
synthetic polymeric material in that the normal products are soluble only in known solvents — 

at elevated temperatures. This means that modifications to the more usual light- scattering — 
techniques are required.*5.3¢ Significant results concerning the molecular weights and 
_ molecular-weight distributions of these materials have been obtained®>**; these results are — 

_ vital to the fuller understanding of currently competing materials ‘having different melting- : 

_ The stability of diesel fuel is a problem o of interest to the oil deabisiters. Owing toa aten- 
dency towards gum formation, certain oils are subject to troublesome storage problems. The | 
tendency of any one sample towards this undesirable property can be quickly detected by 
an increase in the turbidity of the oil, which appears during a few days’ storage at elevated : 
temperatures. 37 The estimated storage life at ordinary temperature can thus be predicted. ~ 
Problems associated with the coagulation of inorganic precipitates, e.g., silver halides, 
have been studied, and barium sulphate has been the subject of work by Sloan.** These 
systems scatter a great deal of light and do not present many of the experimental difficulties 
associated with measurements made on solutions. Kerker, Cox and Shoenberg* have shown me ; 
how the particle-size distribution in such ‘systems | can be assessed. if the poatiche size axel 
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: density : are e suitable, this information can be deduced from a study of the variation in in scattering | 
at a fixed point as the system sediments under gravity. 


minimum intermolecular penetration. When a dilute solution of material under these condi- 
tions is evaporated, it is likely that the individual molecules will be separated. If the 
_ molecular weight is large, then these individual molecules may be seen in an electron micro- 
. 1 scope; this technique has been successfully used.“.@. An assumption usually made about 

[ - the spherical particles appearing on the electron micrograph is that they have the same 
density as that of the bulk material. Hence, after measuring the diameters, the mass of 
each particle i is known, and, after sizing a large number of particles, the average mass can be 


- polymers dispersed in an aqueous emulsion, not necessarily as single particles, the particle 

_ size can be found by light scattering; the value found agrees with that estimated by electron 
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In a poor solvent, a molecule of a high polymer has a compact structure and there is , q 


- found. These estimates agree with values determined by other methods. _ Similarly, for | 
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Polarographic Determination n of Small Amounts of 
Tin and Lead in Its Alloys’ 
Imperial Chemical Industries Ltd., Metals Division, Kynoch Works, Witton, 
MV/ATR (an alloy containing 0-5 per dock of ted and 
1 ae _ The height of the single polarographic wave produced by the combined DOG] 
ei a aa effect of lead and tin is measured, the diffusion current produced by lead is 
then suppressed by co-precipitating lead, as sulphate, with barium sulphate, 
ue.) the resulting wave height produced by tin alone is measured. Interference 
from copper and molybdenum is is prevented by precipitating these elements 


The method can readily be applied to the zirconium-containing materials 


mentioned above; it is simple and rapid and should be applicable to —_ 
different metallurgical materials, 
Bee increased production of zirconium and its alloys for nuclear engineering purposes a : 
necessitated the development of reliable analytical procedures for determining impurities 
in zirconium-based materials. A typical example is the determination of tin, and an — a 
gation that resulted in the development of a rapid procedure for determining small amounts — x | 
of both tin and lead in reactor-grade zircoi1.ium and its alloys is outlined in this paper. a, 
__ The United Kingdom Atomic Energy Authority specifications limit the concentration a 
of tin in zirconium and its alloys to a maximum of 200 p.p.m., and a reliable analytical 
procedure was required to cover the range from, say, 20 to about 200 p.p.m. of tin in these a 
materials. Unfortunately, no entirely satisfactory chemical method was available, although q -. 


a volumetric procedure! had previously been used for this determination ; this method, however, 
was primarily intended for determining alloying amounts of tin and was not satisfactory at 
concentrations below about 100 p.p.m. of tin. Copper and molybdenum, present in certain — a 


Colorimetric reagents s normally used for determining small amounts of tin, pectomacty 
in foodstuffs and biological specimens, include toluene-3:4-dithiol,? 8-hydroxyquinoline,* 
molybdophosphoric acid and molybdosilicic acid,‘.5 but none of these reagents is entirely | 
satisfactory. They are not specific, and careful preliminary separations are invariably — 
necessary ; further, a practical difficulty is associated with converting the tin to the stannous * 
| condition, which is necessary before it can be determined. = = 
 Turbidimetric methods involving the use of phenylarsonic acid and its derivatives — 
have been recommended for determining small amounts of tin in copper-based materials,® 


but unfortunately these reagents produce a turbidity in presence of even moderate amounts — 


The well defined polarographic waves produced by yy stannous ions s in M 
acid? have been used as a basis for determining tin in a variety of materials, and a procedure 
embodying these characteristics has recently been applied to the determination of alloying — 
amounts of tin in zirconium alloys*; it is essential to reduce the tin and to maintain it in 
the stannous state before the polarographic determination. == 2 

_ Lingane® stated that solutions of stannic ions produce well defined polarographic waves © 
at _—0-25 and —0-52 volt against a standard calomel electrode in a hydrochloric acid - 
ammonium chloride base electrolyte. A direct polarographic procedure incorporating these 
conditions would obviate the need for reducing the tin before its determination and ine > 
the obvious advantages of rapidity and simplicity. The possibility of developing such 


procedure for the determination of trace amounts of tin in zirconium and its alloys was 
* Presented at the meeting of the Midlands Section of the Society on Thursday, — ith, 1960. ay 
_ This paper received the Elwell Award for 1959. 
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preliminary tests, containing from 0-02 to 0-1 mg of tin to 
_ 40 to 200 p.p.m. of tin in a 0-5-g sample) and a blank solution were examined with a cathode- 
ray polarograph, a base electrolyte containing sulphuric acid, hydrochloric acid and ammonium 
chloride in a total volume of 25 ml being used. * Sulphuric acid was included because it was | 
_ proposed to dissolve the samples of zirconium in a mixture of sulphuric and a patead 
acids, from which hydrofluoric acid would subsequently be removed. 
a Well defined polarographic waves having a peak at —0-42 volt against a sianieiinale 
anode were obtained, and wave heights were shown to be proportional to the amounts of 
tin present. Three typical polarograms recorded with a K1000 cathode-ray polarograph H 
_ (Southern Instruments Ltd.) are shown in Fig. Ae Further tests showed that the results — 
_ were unaffected by the presence of 0-5 g of zirconium, and it was confirmed that no tin was | | 
_ lost during solution of the sample, a procedure including treatment with hydrofluoric -— 
sulphuric acid mixture, oxidation by nitric acid and evaporation until fumes of sulphur if 
trioxide were evolved. It was also shown that variation in the amounts of sulphuric acid» 
_ or hydrochloric acid - ammonium chloride solution added over a wide de range (about 2 to 7 al 
of each) had no significant effect on the wave 
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curve A, 0-025 mg of tin aoe dg to 
50 p.p.m. in a 0-5-g sample); curve B, 
0-05 mg of tin; curve C, 0-10 mg of tin. Pere 
Sensitivity setting 0-25; volume of solution 


‘The: fact having been ‘established that a satisfactory relationship 
height at —0-42 volt and the amount of tin added could be obtained in presence of zirconium, — 
the effects of likely impurities and common alloying constituents were inte eee i 


<a Lingane® stated that lead ions also produce a well defined polarographic wave at about 
tt the same half-wave potential as that of tin (—0-52 volt against a standard calomel electrode) 
_in a hydrochloric acid - ammonium chloride base electrolyte. In view of this, and because 
4p to 50 p.p.m. of lead are usually present in reactor-grade zirconium (the specified limit is 
100 p.p.m.), possible interference from lead was investigated. 
-_ Solutions containing zirconium and added amounts in the range 50 to 200 p.p.m. each 


of tin and lead were | examined, and it was | observed that the wave e height « at —0-42 volt | 
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about half that ee by an equivalent amount of tin; the height of the single — 
_ produced by tin and lead was therefore equal to the sum of the heights of the waves produced 
When these metals were examined separately. _ The tin content of a sample could therefore — 
not be determined without taking into consideration the wave height due toleade 
i. _ The problem could have been solved by determining lead separately and making a : 
correction to the height of the single wave produced by tin and lead, but a more — 
Baev and Kovalenko" found that the diffusion current ent produced by tin was completely 
sapped by the presence of citrate in a hydrochloric acid solution at controlled pH. 
However, it is difficult to prepare solutions of zirconium in hydrochloric acid alone, and tests ; 
_ showed that, in the base electrolyte used in this work, citrate ions had ee effect on 


rren 


the diffusion current produced by tin in presence of zirconium. = - 
_ Fhe established method of isolating small amounts of lead from solution by y co-precipita-_ my 
tion with barium sulphate! was considered as a possible means of overcoming interference ae 
from lead. Tests showed that, when a solution of barium chloride was added to the base 
electrolyte, the diffusion current produced by lead was completely suppressed and the ' 


| “Teper wave produced by tin was unaffected. Hence, by measuring the height of 


the polarographic wave before and after co-precipitation of lead, as sulphate, and making _ 

a small correction to allow for changes in the volume of the base electrolyte caused by adding _ 

barium chloride solution, the simultaneous polarographic determination of tin and lead was _ 
possible. The wave produced by up to 500 p.p.m. of lead was completely suppressed by 

1 ml of 25 per cent. barium chloride solution, and this volume of reagent was used in subsequent — 

a Solutions containing 0-5 g g of zirconium and added amounts of tin and lead were next 

examined. _ The height of the single wave produced by tin and lead in a 5-ml portion of the © m 

25 ml of base electrolyte solution was measured, barium chloride solution was added to the 

remaining 20 ml, and the height of the wave produced by tin alone was measured. — - After” 

a 5 per cent. positive correction had been _— to the height of the tin wave to componente 


Tests to determine the effects of other likely impurities established that tin and lead 
could be satisfactorily determined in presence of aluminium, cadmium, chromium, cobalt, 


copper, iron, magnesium, manganese, molybdenum, nickel, titanium, tungsten, vanadium 
Ef or zinc in amounts well above the specified limits for these impurities in commercial and 
One of the principal zirconium alloys in current production, MV/ATR, 
agi contains about 0:5 per cent. each of copper and —ewr the effects of pee metals 


_ In acid medium, the half-wave potentials of lead and tin are more negative than those 
of copper or molybdenum; it was expected, therefore, that the presence of large amounts of 
these metals would cause interference, 
_ Under the conditions proposed for determining tin and lead, copper produced a polaro- 
graphic wave at about —0-25 volt, and the presence of more than about 200 p.p.m. of this 
metal caused low results. Attempts to overcome the effect of copper by forming a complex. 
_ with tartaric acid or by precipitation with potassium thiocyanate or diethylammonium 
_ diethyldithiocarbamate were unsuccessful. When copper was precipitated by potassium — 
_ ferrocyanide, the diffusion current produced by the copper was completely suppressed, and 
results for tin and lead were identical with those found in the absence of copper. In the 
presence of zirconium, 1 ml of 2 per cent. potassium ferrocyanide solution added to the base aa 
electrolyte before dilution to 25 ml was sufficient to remove interference from up to about wy ; 
| 4 1 per cent. of copper without any ef effect on the wave produced by tin and lead (each present CG 
intherange25to20ppm) 
_ The presence of more than about 500 p. p.m. of molybdenum caused the wave produced — ale 
by tin and lead to be distorted and prevented accurate measurement of its height, but inter- _ 
ference from up to about 1 per cent. of this metal could be overcome by forming a 
tartaro complex or precipitating molybdenum by Itwas is further 
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the combined effects of about 1 per cent. each of copper and co rey and because ome 
single reagent suppressed interference from both metals, it was incorporated ir in a apernaeuidl ' 


Transfer 0-5 ¢ 5 g of sample to a platinum dish, and dissolve i in 10 ml of diluted sulphuric — 
; acid (1 + 1) and about 1 ml of hydrofluoric acid, added dropwise. Oxidise with a slight — 
excess of concentrated nitric acid, evaporate until fumes of sulphur trioxide are evolved, 
and cool. Carefully wash down the walls of the dish, again evaporate until fumes are- 
_ evolved, cool, and add about 10 ml of water. | Transfer the solution to a 25-ml calibrated 
flask, and add 5 ml of a mixture of M hydrochloric acid and 4M ammonium chloride. 
‘If the sample contains more than about 200 p.p.m. of copper or 500 p.p.m. of molybdenum, 7 
or both (e.g., , Zirconium MV/ATR alloy), add 2 2 ml of 2 per cent. potassium ferrocyanide 
solution at this stage. Dilute to the mark. Transfer a 5-ml aliquot to the cell of a cathode- | | 
Tay polarograph, bubble nitrogen or argon through the solution for about 5 minutes to remove 
dissolved oxygen, and record a polarogram (start potential — —0-2 0-2 volt). . Measure th the height — 
of the wave produced by tin and lead at volt, “idee 
To the remaining 20 ml of base electrolyte solution add 1 ml of 25 per cent. barium 
> chloride solution. Shake vigorously for about 2 minutes, and examine a portion of this 
- solution polarographically as described above. Measure the height of the wave produced ~ 
by tin alone at —0-42 volt, make a positive correction of 5 per cent., and deduct the resulting — 
_ wave height from that of the wave produced by tin and lead. © = | 
_ ss With each batch of samples, examine a reagent blank solution and a control solution } 
reagent bk the equivalent of 50 p.p.m. of tin and lead. After making an allowance for the 7 


reagent blank value, calculate the tin and lead ‘contents of the sample by reference to the 


_ _ The proposed ‘method was applied to samples of reactor-grade zirconium and Zirconium 
MV/ATR alloy, to which the equivalent of 25 and 100 p.p.m. each of tin and lead had been 
added; the results in Table I show that all recoveries were satisfactory. + Replicate deter- 
minations were made on typical samples of tf’ "ese ‘materials, and results were reproducible. 


RECOVERY ‘TIN AND LEAD FROM ZIRCONIUM “AND ITS ALLOYS me 


Sp 


Tin found 
by proposed by proposed by alternative 


10, 11, 10, 
2 10,12 rh 


method, method, 


Commercial- grade zirconium— 


33 33, 38, 35 Nil 
Zirconium M ium MV/A ATR alloy (0-5 per cent. each of and molybdenum) 


28 100 
10000 
32, 36, 32, 
(88, 32, 34 iz 


‘* The standard dev iations for the amounts s of tin and lead found i in 1 this sample wr the proposed oak 
method were 2-0 and 2: ‘5 p-p.m., 
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Lead contents were also determined by an independent method” involving conversion 

to lead diethyldithiocarbamate, extraction of this compound into chloroform from an 
ammoniacal citrate - cyanide solution, recovery of lead by evaporation to dryness, idation — 

of organic matter and polarographic determination of the metal in a nitric acid solution. 

(This procedure takes about 2 hours to complete after the sample has dissolved.) The results 

by both methods are compared in Table I, and agreement with expected values is good. _ 3. 
No independent method is available for determining trace amounts of tin in zirconium, ig a 
andl it is therefore not possible to give comparative results for this element. =~ “| as 
__The standard deviation of the proposed method is about 2 p.p.m. for both tin and lead 
at t the 40 p.p.m. level. The method is simple, and tin and lead can be determined in about 

_ 30 minutes after solution of the sample. _ Although primarily developed for the examination — 
of zirconium and its alloys, the method could doubtless be applied, , with ——) toa 
variety of metallurgical and other materials. 

1. Wood, F, Clark, R.T. Analyst, 1957, 82, 624. 
E. B., “Colorimetric Determination of Traces of Metals,” 

3. Wyatt, P. F., ‘Analyst, 1955, 80, 368. 

5. Baker, I., Miller, M., and Gibbs, R. S., Ind. Eng. Chem., Anal. Ed., 1944, 16, Mott 
- 6. Challis, H. J. G., and Jones, J. T., ‘Anal. Chim. Acta, 1959, 21, 58. iaearraoageteatesd shy 
7. Lingane, J. J., Ind. Eng. Chem., Anal. Ed., 1943, 15, 583. to 
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The Determination of Zinc in Metallurgical ae | 
by -Atomic- absorption Spectrophotometry il 


F. GIDLEY axp >J.T. JONES 
(Imperial | Chemical Industries Lid. » Metals Division, “Kynoch Works, Witton, Birmingham 8) 
_ The development of a method for determining zinc in metallurgical | 
by atomic-absorption spectrophotometry is described. Inter- 
element effects should theoretically be small, and this has been confirmed, 
but halogen acids exhibit molecular absorption and should be absent. _ Pa 


_ The method has been applied to a wide range of typical metallurgical a 


samples, and results compare favourably with those obtained by more time- 


_ Readily available equipment is used, and the method is rapid and aia 


of various elements in solution have been The main 
claimed in each of thene e papers are the simplicity of the method and the lack of interference _ 
_ Walsh‘ has shown theoretically that inter-element effects caused by changes in the 
temperature of the flame should virtually be overcome when absorption measurements are 
used. The added advantage that some elements not normally excited in a flame can ~ 
_ determined by absorption measurements makes the method attractive, particularly when © 
the cianatin is a time-consuming chemical procedure, 
_ The determination of zinc in metallurgical materials almost ea ET ad 
“complete removal of the major constituent as a first step and is consequently time-consuming. p 
The potentialities of atomic-absorption spectrophotometry were therefore investigated with — 
the object of providing an improved procedure for determining zinc, particularly in concen- -— 
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250 A AND DETERMINATION OF 21 “ZINC * METALLURGICAL 

‘used was the prototype o of that described by Lockyer and Hames* ‘and 

+ - consisted of a hollow-cathode lamp, with the necessary power supplies, a compressed-air 

7 _ atomiser feeding into a long Meker burner and a Uvispek spectrophotometer; an RCA 1P28 

tube was used for detection. Standard equipment supplied 
_extra-high tension to the photomultiplier tube, and a valve voltmeter bridge circuit similar 


to that described by Naish and Ramsden® was used to measure the output current. With | 


such a circuit the instantaneous output current can be either measured directly or integrated | tio 
overa of t time a high-quality capacitor and finally measuring the tes 

> The method used for determining absorption was to measure the intensity of light passing “i 
through the flame when distilled water was sprayed and then to measure the reduced intensity § 4), 
when the sample solution was sprayed. If these measurements were made several times, - 
corrections could be effected for any slight drift in the intensity of the lamp, by taking the J, 


mean of the intensity values before and after spraying the sample solution into the flame, 
and either percentage transmission or optical density could be determined. Optical-density 
measurements were preferred, as a calibration graph prepared from them was almost linear. 
_ The only usable zinc line that exhibits absorption is the resonance line at 2138 a. When 
the instantaneous-measuring system was used there were short-term fluctuations in the output 4% 
intensity of this line from the 70/30 brass hollow-cathode lamp. 4 Consequently, all — 
measurements of intensity were made by integration over 30 seconds. 
Preliminary tests showed that absorption was adequate when 
only 10 p.p.m. of zinc (10 yg of zinc per ml of solution) were sprayed into the flame, but it. ; 
was noted that, after about 10 minutes, there was a considerable reduction in the absorption. — 
_ This effect was traced to condensation and accumulation of the fine atomised droplets on 
the walls of the polythene tube connecting the atomiser to the burner. The large drops > 
L formed reduced the effective cross-section of the tube and thereby reduced the amount of 


_ atomised solution reaching the burner; when the polythene tube was replaced by a er 


of glass tube having 2 bore, the effect overcome. 


04 


Calibration graphs to zinc were the 
results obtained by using standard solutions prepared as described under “Reagents”; these © 
solutions contained 2-5, 5-0, 7-5 and 10-0 p.p.m. of zinc. Ten measurements were made on 
_ each solution, and the calibration graph was drawn through the mean points; the general 
form of the graph is shown in Fig. 1. Slight variations in the slope of the curve occurred — 
_ from day to day, and, in order to overcome this difficulty, the measured absorptions were _ 
corrected aaneiiaied bya factor, so that the standard solution containing 7-5 p.p.m. | of 
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zinc ne gave a a absorption. . The mean of such calibration 
_ graphs was used as the master graph. In all subsequent determinations of zinc, a standard os 
solution containing 7-5 p.p.m. of zinc was used, and the measured absorptions were corrected | 
proportionately. _ Variations in absorption were attributed to slight fluctuations in the rate — 
of atomisation, caused by changes in the compressed-air pressure, or to partial blocking of 
the atomiser jets. There may have been other contributory factors, but full compensation i 
for the effects was achieved by using a standard solution. 
_ With an integration period of 30 seconds, the reproducibility of individual determina- a 
tions, expressed as a coefficient of variation, was 3 percent. Because the duration of a single _ : ' 
test was short, replicate tests could easily be made, and the mean result of five or ten 
determine the extent of any: caused by the of other atoms on 
the absorption due to zinc, tests were made on (a) different concentrations of acid solutions — i oe 
normally used for dissolving metallic samples, (6) similar acid solutions containing a known 
amount of added zinc and (c) solutions containing other metals and known amounts of zinc. 
«Effect of anions and acid concentration—Separate solutions containing known concen- — 
trations of hydrochloric, nitric and sulphuric acids and solutions containing mixtures of _ 
_ these acids » / were prepared. These solutions were examined in the absence and snes of 
a known amount of added zinc; the results are summarised in Tables I and II. 


» EFFECT OF ACID CONCENTRATION IN ABSENCE OF ZINC | 
of a solution 7:5 P. p.m. zinc was 0 0- 


1 + 

| 1 

"Hydrochloric 1 t 

a + 


3 

99 (0: 
19 (0- 
9 
3 (2 


D m. OF ZINC 
5 ppm ‘ 


Concentration 


of of acid cid 


nitric acid, sulphuric 


no and that acid only slight absorption at 2138 a. 
_ Considerable absorption at 2138 A was produced by solutions of hydrochloric a 
~ hydrobromic acid caused a similar effect. Mixtures of acids had a cumulative effect; for 
example, a mixture of nitric and sulphuric acids, each at a concentration of 10 per cent. v/v, | 
_ produced only slight absorption, probably due entirely to the sulphuric acid, and results 
in presence of a mixture of nitric and hydrochloric acids were similar to those in presence of 
hydrochloric acid alone. This indicates that no effect is produced by interaction of the two 
acids and that the absorption i is entirely due to the concentration of the acid known to cause it. 
The absorption produced by the halogen acids was considered more fully. From measure- 
-ments made when unidentified hollow-cathode emission lines need argon lines) were used, 
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was established that a an between 2100 ona 2200 A in presence 

_ of hydrochloric, hydrobromic and hydriodic acids. Dilute solutions of hydrofluoric acid also 
gave indication of similar results. These absorption bands are probably caused by molecular 
absorption, but are not mentioned in standard books on absorption spectra.® _Neutralisation — (pu 


~ the hydrochloric acid by sodium hydroxide to the change-point of methyl red resulted in per 


_ almost complete removal of the absorption (see Table I). It appeared, therefore, that the in 
most satisfactory procedure for determining zinc must be based on the absence of halogen we 
at _ Solutions containing 5 p.p.m. of zinc in various concentrations of nitric and sulphuric f © 
4 acids were prepared, and zinc was determined by comparison with a standard aqueous solution | + &.: 
of zinc nitrate. The results (see Table II) indicated that concentrations up to 5 per cent. v/v | 
of nitric acid have negligible effect on the determination. At concentrations of nitric acid 
_ between 5 and 25 per cent. v/v, however, there was a progressive decrease in the apparent | 
zinc content. Sulphuric acid, even at a concentration of 2 per cent. v/v, caused a slight — 
‘reduction in the amount of zinc determined; at a concentration of 5 per cent. v/v the effect | 
was considerable, it ‘increased with further i increases in acid concentration. 


fy, 


= Effects « of other elements—Solutions ‘containing 5 p.p.m. of zinc and 1000 p.p.m. as 10g 
_ per 100 ml) of another element were prepared, as far as possible, in the minimum concentra- 
tion of nitric acid; sulphate was occasionally present and also, when unavoidable, a small 
amount of chloride. All solutions were compared with a standard solution containing only - 
zinc, as nitrate. “No apparent interference was observed from lithium, sodium, potassium, 
calcium, | barium, strontium, copper, cadmium, lead, chromium, manganese, iron, silver, t 
titanium, zirconium, _ phosphorus, antimony, boron, aluminium, bismuth, cobalt, nickel, 
arsenic, thorium or tin in the amount stated. © _ A slightly low result (4-75 p.p.m. of zinc) was 
= obtained in presence of magnesium, and silicon produced a significantly low result (2°85 p.p.m. 
of zinc). In determinations, silicon was as ‘Solution 


venaits are shown in Table III. In presence of up to 0-5 g of copper per 100 ml of scktien 
when the ratio of copper to zinc was 1000 to 1 there was no significant reduction in the 
amount of zinc determined. The presence of 5-0 g of copper per 100 ml of solution and 


a copper t to zinc ratio of 10,000 to 1 produced slightly low results. —— 
‘Erect OF COPPER AND ALUMINIUM ON DETERMINATION OF 5 ‘P-p.m. OF ZINC 


‘Zinc found in presence of— 


of copper 


per 100 ma p-p-m. 
005 4-98, 5-05 
0-20 
(0250 493 
4-82, 4-85 7 
1-00 
5-00 4:30, 
The presence of 1 up to 0-5 g of aluminium per 100 ml of solution had no significant effect 


on the accuracy of the determination of 5 p.p.m. of zinc (an aluminium to zinc ratio of 
4 1000 to 1), and the presence of 1-0 g of aluminium (an aluminium to zinc ratio of 2000 to 1) _ 
produced a slight decrease in the amount of zinc determined. 
A series of mixtures prepared from solutions of pure copper and zinc was examined, a 
and the amounts of zinc determined were in good agreement with those added; the results, — 
the amounts of zinc added and determined being expressed as a percentage of the copper 


% 0-0016 0-003 0-00 00 0-049 0-097 0-119 0-49 98 
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1960] MATERIALS BY ATOMI BSORPTION |SPECTROPHOTOMETRY 


some zirconium alloys used for atomic- -energy purposes, maximum zinc content 
of 0-01 per cent. is specified. - Accordingly, further attention was given to the effect of a te 
large amount of zirconium. Two solutions were prepared, each containing 1-0 g of zirconium ce, 
_ (purified by the iodide process) and 5 ml each of concentrated nitric and sulphuric acids 
per 100ml. To one solution was added 0-1 mg of zinc, equivalent to 0-01 per cent. of zinc _ 
inal- -g sample of zirconium. The zinc contents of the two solutions, based on a 1-g sample, — 
_ were found to be 0-0027 and 0-0118 per cent., respectively, i.c., the recovery of added zinc ~ * 
_ was 91 per cent. Interference from zirconium at a ratio of 10, 000 to 1 was therefore not — 
excessive, and the accuracy of the determination of zinc at such low levels was regarded © 
as satisfactory. _As well as the usual standard aqueous solution of zinc nitrate, a solution — 
containing 0-1 mg of zinc per 100 ml of a mixture of sulphuric and nitric acids, both ase 
4 (19), 1.€., » equivalent | to 0-01 per cent. of zinc, was used for this determination. 


Standard zinc ts 000 g of high-purity zinc in n 100 ml of dilute nitric 
acid (1 + 1), cool, and dilute to 1 litre (this solution contains 1-0 mg of zinc per ml) . Dilute | at 
100 ml of this solution to 1 litre (this solution contains 0-1 mg of zinc per ml). Separately — 
dilute 25-0-, 50-0-, 75-0- and 100-ml portions of this solution to 1 litre (these solutions contain, _ ie 
"respectively, 5, 0, 7-5 and 10-0 ug of zinc per 1 ml, #.e. 5, , 5-0 ,7-5 and 10 of zinc). 


ae 

a 4 Secondary : standard zinc solution—Place 10-0 ml of the standard solution containing 0°1 mg a 
of zinc per ml in a 1-litre calibrated flask, and dilute to about 500 ml with water. Add 50 mi 
each of nitric acid, sp.gr. 1-42, and sulphuric acid, sp.gr. 1-84, mix, and allow to cool.. Dilute — ¥ ‘ 

to the mark, and mix. This solution contains 1 p-p.m. Of zinc it in a a mixture of n nitric and 
.. Hydrobromic acid - bromine mixture (9 + 1)—Carefully add 1 volume of bromine to — 


9 volumes of hydrobromic acid, a, sp. er. 1-46 to 1-49, and mix thoroughly. Ae L.A 


solvent mizcture—Separately 75 ml each of nitric acid, ‘sp. gr. 1-42, and hydro. 


chloric acid, sp.gr. 1-18, ‘and 150 ml of sulphuric acid, sp.gr. 1-84, to 700 ml of water. | 


am | thoroughly after each addition, and then allow to cool to room temperature. ae TBE 


| PREPARATION OF MEAN | ‘STANDARD GRAPH— 
Zz Prepare four standard graphs by using a Hilger atomic-absorption attachment toa 
Uvispek spectrophotometer with photomultiplier recording. When a copper - -zinc lamp is © 
- used, the photomultiplier-output current is determined by integration on a capacitor end 
_ the resulting potential is measured with a bridge valve voltmeter, satisfactory instrument — 
pressure to atomiser—15 Ib Ib per sq. 


Integration period—30 seconds. it 


Switch on the hollow-cathode lamp, burner, and switch on the constant- 

supply to the photomultiplier tube. Allow 1 hour to elapse in order to attain maximum > 
‘intensity and stability of emission from the hollow-cathode 

Spray distilled water through the atomiser, integrate the photomultiplier-output current = 
for 30 seconds, and measure the resulting potential (P,) on the capacitor by using the valve — a 
_ voltmeter. Spray the standard solutions containing 2-5, 5-0, 7-5 and 10-0 p.p.m. of zinc” A 
turn through the atomiser for 30 seconds, and measure (P; as 


“a 7 
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_ and construct neha relating of optical density to zinc . content. Scale each curve to a standard 
optical density for 7-5 p.p.m. of zinc (with the equipment described and the conditions listed 
- above, a standard optical density of 0-3 is suitable). From each of the four curves obtained, — 
record the optical-density values corresponding to 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 p.p.m. of zinc. - y 
Average the four values so obtained for each concentration, and draw a mean standard — 
_ A solution containing between 1 and 8 p.p.m. of zinc is suitable for atomic-absorption 
measurements. _ Use a ee of im —n on the zinc content of the alloy, as 
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"Zinc content, % to00s 04t00-16 0-10 0-40 0-20 t0 0-80 0-40 to 1-60 


alloys zinc contents, decrease the of sample 
and for zinc contents below 0-01 per cent. use an increased weight of sample, ¢.g., 50g. In i" 
_ the latter instance, however, low results may be obtained owing to the increased | viscosity 
of the solution over that of the standard solution, but this effect can be circumvented by 
adding to the standard solution an amount of copper, aluminium or other metal equivalent — 
to the of the metal in the sample. | 
Copper- based alloys containing no tin or silicon—Dissolve the weight. 
pee. in 10 ml of dilute nitric acid (l+ - 1), boil for 1 minute to remove nitrous fumes, 


Copper-based « alloys containing tin—Dissolve the recommended weight of sample, 
bronze, in 10 ml of hydrobromic acid - bromine mixture (9 + 1), and carefully evaporate to 
dryness. Add 5 ml of hydrobromic acid - bromine mixture, and again evaporate to dryness. 
~Add5 ml of nitric acid, sp.gr. 1-42, dropwise, warm to decompose bromides, and again evaporate 
‘to dryness. (Note that hydrobromic acid exhibits a definite absorption band over the 


wavelength used for making atomic-absorption measurements for zinc; it is therefore important 
to remove all traces of this acid. ) Dissolve the residue in 10 ml ml of dilute nitric acid (1 + 1), 


-- Copper-based alloys containing silicon—Transfer the recommended weight of sample to 
a platinum dish, and dissolve in 10 ml of dilute nitric acid (1 + 1). Add 10 ml of 40 per 
cent. hydrofluoric acid and 2 ml of sulphuric acid, and evaporate until fumes of sulphur 
trioxide are evolved to remove all hydrofluoric acid. Cool, dilute with water, transfer to 


_a beaker, and warm until solution is complete (remove any lead sulphate present by filtration) 4 
Transfer the solution to a 100-ml calibrated flask, and dilute to the eae with water. 7 oe it ; 


it is nue to restrict the weight of sample to 0- 5 g or less (see also a Weight 
of Sample’ iF Dissolve the sample in the acid solvent mixture (25 ml of mixture for ot vs san 


until raat of sulphur trioxide are evolved, cool, and dance the residue i in 10 ml of dilute . 


40 per cent. acid until the has dissolved. Add a further 5 

of hydrofluoric acid, a few drops of nitric acid, sp.gr. 1-42, to dissolve copper, etc., and then 

2 ml of sulphuric acid, sp.gr. 1-84 . Evaporate until fumes of sulphur trioxide are evolved to 
remove all hydrofluoric re € Cool, dilute with water, transfer to a beaker, and add 10 ml 


of dilute: nitric acid (1 + ‘Heat until solution is complete, cool, and dilute to 100 mi. 
Zirconium and zirconium -alloys—The specified limit for zinc in these materials is usually 


100 p.p.m. Transfer 1-0 g of sample to a platinum dish, add about 5 ml of water and then 
40 per cent. hydrofluoric acid dropwise until the sample has dissolved. Add a few drops of é ‘a 
nitric acid, sp.gr. 1-42, to dissolve any copper or molybdenum and to oxidise carbon, and then 
5 ml of of “sulphuric acid, s SP. gr. 1-84. under a radiant heater until 
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trioxide cool, dilute with \ water, and add 5 ml of sp. er. 42, 
Transfer to a 150-ml beaker, warm until solution is complete, cool, and dilute to 100 ml._— 
Note that, when atomic-absorption measurements for zinc are made on such a solution, the — 
secondary standard solution containing 1 p.p.m. of zinc in dilute sulphuric acid (1 + 19) and 
dilute nitric acid (1 + 19) should be used as a further check. The zinc content of this solution _ 
is determined by reference to the standard solution containing 7-5 p.p.m. of zinc; if — is a 
any appreciable difference from 1 p.p.m., an appropriate correction must be applied. _ 5 


Miscellaneous alloys and samples—If the recommended weight of sample is any 
material can be analysed for zinc by preparing a solution diluted to 100ml. It is “7 a 
missible to use any mineral acid as solvent, or preliminary fusion and then solution of the 
cooled melt in acid. Silicon, if present, must be removed by treatment with hydrofluoric 

_and sulphuric acids, as described above. However, if a halogen acid is used, care must be taken _ a 

_to ensure that it is completely removed before subsequent dilution of the sample solution. . 

~The samples should be in either nitric or ‘sulphuric acid solution or a mixture containing — 

any proportions of these acids. However, if the concentration of sulphuric or nitric ie 
— required to retain the sample in solution is greater than that corresponding to the dilution | 7 
(1+ 19), changes i in viscosity will introduce errors if comparisons are made against aqueous 
solutions of zinc. An appropriate standard solution prepared in the same concentration of 
acid as that present in the sample solution should therefore be used for comparison, as 


described for — solutions prepared from zirconium and zirconium alloys. shee oils 

Determine the optical density of the sample solution; use the procedure and instrument 

settings described under ‘ ‘Preparation of Mean ‘Standard Graph.”” Determine the ‘optical — 

density of the standard solution containing 7-5 p.p.m. of zinc for comparison with each batch © 

of sample solutions. Scale the calculated optical density of the sample solution to correspond _ 

to an optical density of 0-30 for the standard solution. Read the amount of zinc in the — “7 ? 

solution by reference to the mean standard graph, and et the percentage of zinc si 


Interference from acids and metallic salts can be summarised by s stating that sae 

7 from the intense absorption band between 2100 and 2200 a produced by halogen acids, the 
_ | only serious interference is from silicon. If the concentration of acid or metallic salt becomes 

| high enough to cause a decrease in the apparent amount of zinc present, a correction for 
this can easily be made e by using a standard solution containing the same concentration of .” 
The low recovery of zinc from solutions containing an increased concentration of acid 
or metallic salt was caused by a decrease in the volume of solution passed through the atomiser - 


the amount of liquid delivered to the burner. 
_ The proposed method was applied to the determination of zinc in several copper or and 7 
aluminium alloys. Zinc was also determined by standard gravimetric, volumetric or polaro- — 
graphic procedures, and a comparison of the results showed good agreement (see Table IV). 
_ Zinc was also determined by the proposed procedure in many samples of zirconium alloys, _ 
and, although it was not practicable to carry out the determination by an alternative procedure, 
the results were consistent and appeared to be reliable. The method has been particularly — 
useful in the examination of zirconium alloys because alternative procedures are lengthy and 
involve difficult and tedious chemical separations. Although the proposed method is applic- 
able over a wide range of zinc contents in metallurgical materials, it is especially valuable 
when the zinc content is extremely low; for such samples, te chemical methods are 
‘difficult to apply and not always entirely satisfactory, 
A further application that has been of considerable value was for determining zinc when - 
only extremely small weights of sample were available, ¢.g., for archeological material, samples 
_ Weighing 50 mg ‘or less were used in zinc contents ranging 0- 0-2 per 
Atomic- absorption spectrophotometry has been shown to be a rapid ar and accurate 
_method for determining zinc in metallurgical materials. Inter-element effects are negligible, 
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Gilding metal 
Cu; 15% Zn).. 


A 


caused by molecular absorption from halogen acids is ov ercome avoiding 
the use of such acids. The decreased absorption obtained when relatively concentrated solu- 
tions are used is largely accounted for by the reduced efficiency of the atomiser, but this — 

can be overcome by using suitable standard solutions, ese 


ZINC CONTENTS OF COPPER AND ALUMINIUM ALLOYS BY VARIOUS METHODS 
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Description of ‘Sample polarographic gravimetric volumetric proposed tate 


Copper -zincalloy _ 


“31 0-3 

4 Phosphor 


coco 


4-8 


Alloys containing aluminium— 


Aluminium {2 


10,016 


copper aluminium alloy 
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The Determination of Nitrogen in n Organic. Compounds 


"(National Institute for Medical Research, Mill Hill, London, N.W.7) 
spectrophotometric method for the determination of ammonia by 
ss means of indanetrione hydrate is described. The method has been used SS ihc ae 
Be i for the determination of nitrogen in serum, protein hydrolysates and hetero- 
 eyclic compounds (¢.g., nicotinic acid, 8-hydroxyquinoline and streptomycin) 
on the microscale. The reaction between indanetrione hydrate and ammonia peurinolse ae 
_ has been investigated to determine the optimum conditions for the develop- AMA EA, ; 
_ ment of the coloured condensation productofthereaction. Theeffects of cations es 


on the reaction between ammonia and indanetrione hydrate and the inhibition 
of the reaction caused by the presence of selenium dioxide in the reaction 
mixture have been studied. The quantitative determination of nitrogen on an nfl: mite 
tetas _ ultra-micro scale is possible by using suitable micro cells in the photometric att. : 
Quantitative recoveries have been obtained from 0-2-ml samples 
_ THE determination of nitrogen in organic compounds has been performed by either of the — 
well established methods attributed to Dumas and Kjeldahl. Both these methods have 
been applied on the micro scale, and the presence of approximately 300 yg of nitrogen in — 
‘the sample is required for an accurate determination. 
_ There have been several modifications of the Dumas technique, including those described. é : 
by Unterzaucher, 1 Schéniger* and Ingram,’ which were introduced to hasten the combustion | 
_ process. The Kjeldahl method has been modified by many workers, and a review by —— 
ton and Stuckey‘ of these modifications indicates the factors i in the digestion process that — 
were controlled or modified, by each individual investigator. White and Long® introduced ce : 


4 a method of digesting the nitrogenous sample in sulphuric acid at high temperature. The — 
; principle of the rest of the procedure has remained the same in all these modifications of the 
Kjeldahl method, viz., the distillation and titration of the ammonia in the digested product. 7 2 
Recently there ‘was reported from this laboratory a method by which the ammonia 
formed when a nitrogenous compound was digested with sulphuric acid was determined . 
__spectrophotometrically by using indanetrione hydrate. This method was first used for the - 
determination of nitrogen in proteins or protein 


Sulphuric acid—Microanalytical-reagent (M. A. 


Copper sulphate, anhydrous—M.A.R. 


60 of grade ferrous heptahydrate i 100 ml of: 2-0 M 
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JACOBS: THE DETERMINATION OF NITROGEN IN ORGANIC 
a ndanctrione hydrate reagent solution—This | reagent was prepared by mixing ng 50 aa of 
a4 per cent. stock solution of indanetrione hydrate in methyl Cellosolve with 25 ml each of 
_ de-ionised water and sodium acetate buffer solution (pH 5-5) and 0-08 g of stannous chloride. 
‘The 4 per cent. stock solution of indanetrione hydrate was prepared as described previously.* zi 
Sodium citrate buffer solution, 0-4 M, pH 5-0—Four hundred millilitres of sodium 
hydroxide and 42-0 g of citric acid dissolved i in 1 litre. SoA 


; ‘dissolved in 500 ml of water, with hestieere ona wie bath. The solution was cooled, 100 ml 


oe glacial acetic acid were added, and the mixture was diluted to 1 litre. ft Seg Ka 
a Catalyst—The catalyst ‘used with the concentrated sulphuric acid in in the digestion 0 


of 
samples consisted of a mixture mercuric oxide 


volumes of (0-010 to 0-5 500 ml) v were means of an Agla micro- 
‘meter syringe (Burroughs Wellcome Ltd., London) ; larger volumes of solutions were delivered — 
photometric procedure was similar to that described previously ,® except that 
-Uvispek spectrophotometer (with rectangular cells of path length 1 cm) was used in place 


Au tomatic dispenser 


te 
pow of a tube tthe | of a standard 10- 
hypodermic syringe) connected by plastic tubing to a two-way glass valve. _ The inlet tube 
of the valve was connected by plastic tubing to the pool of ethanol - water diluent, and 
the outlet tube of the valve was used to direct a fixed volume of ethanol - water mixture 
(6-0 ml) into the contents of a test-tube (usually 4-0 ml) after reaction between the sample — 
and the indanetrione reagent. A metal piston in the graduated cylinder was attached to 
an adjustable eccentric driven | by an electric motor through a reduction gear. (The glass 
valve was obtained from and Glass C omponents Ltd., 50 Farnby A Avenue, Stanmore, 


— 
CO 
as 
34 
a ver 
7 se 
— 
4 
= 
| 
| 


April, 1960) “4 COMPOUNDS BY THE INDANETRIONE HYDRATE METHOD 


digestion of a heterocyclic compound in sulphuric acid at high was 
Completed) in a sealed Pyrex-glass ampoule. _ The ampoule was placed inside a brass container, — an. 
as shown in Fig. 2, and this in turn was placed inside a wrought-iron cylinder with threaded | ” a 
cap. The over-all dimensions of the brass container and wrought-iron cylinder were 15-5 and 
_ 34-0 cm, respectively. The concentric brass tubes forming the container had a wall thickness be 
_ of 1-0 mm, and there was a hole 1-0 mm in diameter through the wall near the end of the _ “ 
wider tube. The wrought-iron cylinder had a wall thickness of 3mm, and the threaded — ie ’ 
_ cap had a hole 2 mm in diameter through its centre. Two brass containers, one to contain = er 
the sealed ampoule with sulphuric acid, catalyst and sample and the other to contain another © fie ; 
sealed ampoule with acid and catalyst, were heated together in the 


2. Ampoule in in brass container; wrought-iron cylinder 


| 
r ia The excess of sulphuric acid present in the combustion flask or ampoule after digestion 
_ of the sample was neutralised by the addition of a concentrated solution of sodium hydroxide. 
The volumes of sulphuric acid (0-25 ml) and concentrated solution of sodium irons 
(approximately 0-6 ml) were dispensed from the all-glass precision pipettes shown in Fig. 3 
One precision pipette, see Fig. 3 (a), had a maximum capacity of 0-250 ml and was made by 
a fusing a calibrated length of precision-bore Veridia-glass tubing (obtained from Chance 54 
_—-Bros., Birmingham) to the barrel of a standard 1-ml hypodermic syringe. — The second os 
precision pipette, see Fig. 3 (b), was constructed by fusing a Pyrex-glass NPL 
1-0-ml pipette to the barrel of a Pyrex-glass standard 2-ml h odermic syrin, 
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THE DETERMINATION OF NITROGEN IN ORGANIC — 
The quartz cells used in the photometric determination of ultra- amounts 


ammonia had a path length of 10 mm, a width of 2-3 mm and a capacity of approximately — i; 


Samples of serum (0-01 to 0-10 ml) were from an Agla syringe, ‘samples 
nicotinic acid, 8-hydroxyquinoline and methionine were transferred to Pyrex-glass 5-0- ml 
_ ampoules by means of a weighing stick, and all solid samples were weighed by means of an # 
-Oertling microbalance (model 142). The requisite volume (0- -25 ml) of M.A.R. grade sulphuric . 
acid and 2 to 3 mg of catalyst were added to the sample, which was then digested. The — 
_ digestion was completed in an ordinary micro Kjeldahl flask (for serum or protein hydrolysate) 
or a sealed Pyrex-glass ampoule (for solid samples). The serum or protein hydrolysate was 
_ digested for between 2 and 2} hours after clarification of the sulphuric acid. _ This period of 7 
“‘after-boil’’* depended on the nature of the sample and the rate of heating. — A 0-2-ml portion 
¢ of 30 per cent. hydrogen peroxide was added to the mixture after 45 minutes of the initial é 
heating period to expedite clarification of the sulphuric acid. Solid samples were heated — 
with sulphuric acid and catalyst in sealed ampoules, which were placed inside brass containers. 
As an added precaution, the brass containers were placed inside a closed wrought-iron 
400°" and the whole apparatus was heated for 30 in an electric furnace 


ad 


let 


0002 ammonium sulphate present, 


‘Fig. Relationship between of ammonia in 
_— sample and optical density of diluted reaction mixture 


Analysis of se serum or hydrolysate—The digestion mixture was cooled, and 
‘mately 2-0 ml of 0-4 M sodium citrate buffer solution were added. The excess of sulphuric — 
acid was neutralised by adding a pre-determined amount of a carbonate-free concentrated ‘i 

_ The requisite amount of the concentrated sodium hydroxide = 
‘solution was determined by titration against the same volume of sulphuric acid, as control, 
and was heated (with catalyst) in another sealed ampoule. The solution in the Kjeldahl 
digestion flask was transferred to a calibrated flask by means of a Pasteur pipette. a 
Kjeldahl flask was washed with fresh 0-4 M sodium citrate buffer solution (pH 5-0), a 
the washings were transferred to the calibrated flask with the same pipette. The + Ms ; 
_ of the final solution was adjusted to the mark with 0-4 M sodium citrate buffer solution. el ‘ 
mG: Pt . he final volume was 5-0 ml when 0-01 ml of serum was digested in 0-25 ml of | 


We acid. _ Three aliquots (usually 0-25 ml) of this diluted and neutralised digestion mixture 
were to. 2-0 ml with the same buffer Each of these three 2-0-ml samples 
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was mixed with 2-0 ml of a 2 per cent. ‘solution of indanetrione hydrate reagent. . The reaction — 
mixtures were placed in separate test-tubes, , and the test- -tubes were covered with metal caps 


960) COMPOUNDS BY THE TRIONE HYDRATE METHOD 


cooled, and each (4-0 ml) was diluted with 6-0 ml of thane - water mixture (1 + 1 v/v). or 
The optical density of each diluted reaction mixture was measured in a 1-cm cell at 570 mp ; 
with a Uvispek spectrophotometer. A 2-0-ml sample containing 0-4 4M ammonia (equiva-_ “4 
lent to 5-6 yg of nitrogen) produced 10 ml of diluted reaction mixture having an opticaldensity 
of 0-805 + 0-008 when determined under these conditions. The determination of ultra- _ 
micro amounts of ammonia was possible by using one-tenth of the volumes of sample, indane- ay 
reagent solution and ethanol - water mixture. By this a deter-— 


accuracy as that obtained by the micro method.® 

EFFECTS OF VARIOUS CATIONS ON OF DILUTED MIXTURE 
7 : < result is the mean of triplicate determinations on a reaction mixture containing — 
“4 ammonia. The optical density in absence of added cations was 0: 


Element added d 50 peg of element 100 pg of element pg of element 


0-809 805 0-800 


0-801 ity 0- 799 


EFFE ECTS OF SELENIUM AND MERCURY ON OPTICAL DENSITY OF DILUTED REACTION MIXTURE | 


resent, presence of selenium presence of mercury 


of the final diluted reaction mixture (normally 10 ml) is shown in Fig. 4. The cptical density 
of the solution was found to be meted proportional to the nema of ammonia sees . 
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JACOBS: THE DETERMINATION oF IN ORGANIC ‘te 


sample, even. for optical-density va values in the region of 1-6. Ultra-micro amounts of. 
ammonia (0-01 to 0-04 4M) could be determined with the same accuracy when the volumes — 
of sample, indanetrione hydrate solution and ethanol - water mixture were dispensed from " 


7 


“density of of diluted reaction mixture containing © 0-4 pM | ammonia 

‘Thee effects of added cations on the ¢ optical density of a a diluted reaction mixture containing 4 

4 “4 pM ammonia (equivalent to 5-6 ug of nitrogen) are shown in Table I; the results in Table II j 
show the inhibition of the reaction between ammonia and indanetrione — in presence 


- Fig. 6. Relationship between pH of reaction mixture and optical densit 
containing 0-4 4M ammonia 


ai absorbed radiation and the iat pach of a solution resulting from the reaction between 
_ indanetrione hydrate Teagent s solution and 0-4 4M ammonia under the standard conditions 
The relationship between the optical density and pH of the aaa mixture for — 


a 
| 
3 


via 
Comparison OF RESULTS ¥ PROPOSED AND KJELDAHL 


wot In Table III, results : for the deaciitantinn of nitrogen in sera and protein hydrolysates — 
_ by the indanetrione method are compared with those obtained by the standard micro_ 


onine was after digestion in a sealed at different Toft 
NITROGEN CONTENTS | oF VARIOUS" “ORGANIC COMPOUNDS 
sample taken, content found, nitrogen 


and ultra-micro scales. _ The accuracy of the method when applied to serum is Sameer. 
on careful control of the digestion of the sample and adjustment of the pH of the reaction — 
| mixture. The digestion of solid samples with sulphuric acid at high temperature in a sealed 
ampoule must be controlled within certain temperature limits. Conditions were satisfactory 
when the temperature of the furnace was between 460° and 480°C; loss of nitrogen was 
recorded when the temperature of the furnace was 560°C. 
The determination of nitrogen in methionine was performed on samples digested at 
different high temperatures. The experiments showed that this compound, which could 
_ be determined directly by means of the indanetrione reagent, was analysed aa when ee 
‘the temperature of the ae with sulphuric acid did not exceed 480° C. — 
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The results in Table I indicate onli after oe of cations from the en cent. ‘stock 
solution of indanetrione reagent by the treatment already described,* the presence of 500 wg _ 
of aluminium, calcium, magnesium, barium, iron, zinc, lead, copper, manganese, cobalt or 
Sas did not inhibit the reaction between ammonia and indanetrione hydrate. ~~ 
_ Selenium, as dioxide, did not affect the colour yield of the complex formed by the reaction . 

4 between ammonia and indanetrione hydrate (see Table II) unless present in amounts exceeding — 
175 wg in a 2-0-ml sample (micro method). The amount of selenium in the normal aliquot — 
taken for analysis was between 5 and 10 yg, and this had no effect on the colour yield. Simi-— 
a larly, the presence of mercury in the catalyst | used with sulphuric acid for digesting the 
7 sample had no influence on the colour. Each aliquot, containing approximately 30 yg 2 


= 


mercury, gave the same colour yield as that obtained when the equivalent amount of ammonia 
allowed to react in absence of mercury, 
_ _It has been shown®:!° that, provided the 4 per cent. stock solution of indanetrione hydrate , 
_ in methy] Cellosolve is treated with a cation-exchange resin, the colour yield from a standard 7 
amount of «-amino acid is consistent, whatever the source of supply of the reagent. — Bid 
this work the quantitative determination of ammonia has been facilitated in the same manner. 
Selenium, probably as selenite, is known to be present in commercial samples of indanetrione 
_ hydrate to a varying degree. _ The treatment of the stock solution of indanetrione hydrate 
_ with a cation-exchange resin avoids the use of ethylenediaminetetra-acetic acid" in the 
_ reaction mixture. In presence of stannous chloride as reducing agent, the indanetrione | 
_ hydrate reacts with ammonia to form a complex having an absorption maximum not affected — 
by the presence of relativ ely large amounts of cations (see also paper by Meyer and Riklis™*). — 
The proposed method requires a weight of sample approximately one-fifth of that needed | 
for the determination of nitrogen by the micro Dumas method: For streptomycin, “the 
indanetrione method gave quantitative recoveries, whereas the micro Kjeldahl method was 
- unsatisfactory and the Dumas method yielded inconsistent and low recoveries. will: 


thank Mr. C. Couling for ‘Preparing 1 and 2 and Mr. Se valuable 
technical assistance. 4 
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‘BODIES 1 IN BLOOD 
a ‘The of Ketone Bodies in Blood 


A is for the accurate quantitative of 
ketone bodies in blood. The method is based on the conversion of all ketone 
4 bodies to acetone, distillation of acetone and its subsequent colorimetric 
4 determination by reaction with ethanolic salicylic aldehyde to form dihydroxy- 
tone dibenzene acetone in alkaline solution. Losses of acetone during distillation | 
are readily avoided, and free acetone plus acetoacetic acid are determined — 
- separately from f-hydroxybutyric acid in the same sample. The method | 
| Es tae is reliable at low blood ketone levels. For each ketone fraction the — i 


deviation of a single determination is less than + 0-15 mg per 100 ml of ll 


In most for ketone bodies S, acetoacetic acid 
Ss are converted to acetone for determination. If this is effected during distillation, pre- _ 
formed acetone plus acetoacetic acid can be determined separately from f- hydroxybutyric_ 

acid. The principal criticisms of this technique are that acetone may be lost during diss a 
-tillation’ and that changes in the concentration of the acid dichromate reagent during dis- — a ae: 

- tillation lead to variable errors in the determination of B-hydroxybutyric acid? If the a a 
conversion to acetone is effected by heating under reflux or in an autoclave, B- hydroxybutyric * 

acid recoveries are higher and are reported to be more reproducible; however, recoveries of "4 4 

_ acetoacetic acid may be low,*-*.® and it is not possible to determine pre-formed acetone plus ee # 
_acetoacetic acid separately from B-hydroxybutyric acid in the same sample. Greenberg and 

_ Lester and Thin and Robertson’? have proposed methods involving an empirical step in the ee 
removal of apparently unknown interfering substances; 

_ The method recently proposed by Mayes and Robson® includes the advantages of both 
procedures by using a combined reflux and distillation apparatus. However, as with many ; 

ie methods, their procedure is time-consuming unless many sets of apparatus are available. =, 

In studies on the pathogenesis of bovine ketosis at the Veterinary Laboratory of the — 
Ministry of dhe apr and Fisheries, Weybridge, England, during the 1930’s, _methods then 


colorimetric method was evolved. Based on the method of Behre and Benedict, ® this method a 
was first referred to by Eden and Green,” but, for various reasons associated with the transfer 


di 


is now convenient in of equipment and is sensitive and 


its accuracy is sufficient for all purposes. ‘Ther results ‘presented the 
of our investigations over the last 8 years. _ 


The distillation apparatus in use in this laboratory is shown in Fig. 1. | Advantage is = 
taken of the fact that it is easily possible to obtain all the acetone in the first few millilitres 
of distillate when dealing with volumes as large as 25 ml, by designing the apparatus a 
act to some extent as a fractionating column. The distilling tube is 200mm x 25mm. 
_ The air-condenser tubing is of 5 mm internal diameter, the portion sloping upwards atan 
angle of 45° being 200 mm long; the water-condenser tubing i is of 3-5 mm internal diameter. 
= blood filtrate and, ms the dichromate solution are delivered from a dro 
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4 can be fully not if the is not close 
_ immediately on completion of delivery, because the small amount of solution remaining in 
_ the end of the capillary is not forced back up the capillary tube by the pressure inside Soll 
boiling tube. These features greatly assist the convenience of the operation. — Capillary 
tubing of internal diameter approximately 0-25 mm allows a dropping rate of not less than 
5 ml per minute and satisfies the requirements that the rate of addition should not be so 
fast that boiling is interrupted or so slow that the solutions will not run freely against the 
aes Bumping, particularly when the distilling solution first boils, is completely prevented : 
by the use of a suitable ebullition tube. — “i This is readily made from tubing of approximately 
_ 5 mm external diameter; the tubing is sealed about 5 mm from the bottom end and also at the 
‘top; to facilitate removal from the boiling tube it should be at least 125 mm long. re ee 


paid 


of 


5 cent. wiv s solution of zinc c sulphate, ZnSO, 


Potassium dichromate solution, 0-2 per cent. w/v. 
Sodium hydroxide, 10 
Ethanol, redistilled—Acetone-free. 


de 

Colour salicylic aldehyde prepared by 20 of 

- salicylic aldehyde to 100 ml with acetone-free ethanol; the solution was stored in a refrigerator. — 

Standard solutions—Standard aqueous solutions of redistilled analytical-reagent grade | 

acetone containing 20 mg of acetone per 100 ml are stable for long periods in a refrigerator. | 
Standard solutions of sodium acetoacetate were prepared from recently distilled ethyl aceto- 
acetate by Krebs and Eggleston’s method"; they are stable for several weeks when re- 

frigerated. — Aqueous solutions of sodium f- -hydroxybutyrate (obtainable from the British i 
Houses Ltd. or ‘Light: & Co. Ltd.) sh show no deterioration after 2 months at o°c 
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from the dropping funnel a 5-ml sample of blood filtrate measured by pipette; boiling should 

not be interrupted. — _ Continue distillation at a steady rate until 5 ml of distillate have been — 

_ collected in approximately 5 minutes in a 150-mm x 15-mm test-tube calibrated accurately _ 

at the 5-ml level. If more than three distillations are being carried out rng up 10 them it 
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4 Optical density 


_ Absorption curves: Fig. 3. Colour in aqueous acetone 
pan containing 0-4 mg of acetone per 100 ml 4” "solution during cooling after reaction with alkaline is 
_ (measured against reagent blank); curve B, reagent — iM salicylic aldehyde and 20 minutes’ incubation at 
_ blank C; curve A, 0-6 mg of acetone per 100 ml; curve 


-4 mg of acetone per I per 100 ml; curve C, 0-2 mg ° 
Distillation: Hydroxybutyric acid—Remove the collection tube, containing pre-formed 
acetone and acetone formed by decarboxylation of acetoacetic acid, and place a fresh tube an 
iy in position without interrupting the boiling. Run in 5 ml of potassium dichromate solution, 
f previously placed in the dropping funnel, and continue distillation until 5 ml of distillate 
7 containing acetone from the oxidation of p- -hydroxybutyric acid have been collected. Pass 
‘Gistilled water through the dropping funnel to remove traces of dichromate solution from the 
boiling is interrupted between distillations, the ebullition tube must be shaken t 
replace with air the solution trapped in its lower end. If this procedure is omitted, serio 
; bumping, even of explosive violence, may occur when boiling is next ae os 
Colour development—Adijust the volumes of distillates to 5 il (if necessary), and ade 
a 4 ml of 10 N sodium hydroxide and 2 ml of colour reagent solution to each; mix during 
addition of the latter. Shake the tubes vigorously (a surgeon’s finger cot can be used to protect 
rf the thumb against alkali), and place in a water bath at approximately 55° C for 20 minutes. 
F Remove, and set aside to cool at room temperature for 1 hour. Measure the colour developed 
- against a reagent blank solution, prepared at the same time in 5 ml of distilled water, with 
_ Standards—Standards run with each series of determinations should include duplicate 
oes acetone standards (usually 0-5 mg per 100 ml) not previously taken through the 
butyric precipitation procedure and a mixed acetoacetic acid or acetone and B-hydroxy- 
butyric acid solution (usually 5 mg of each, as acetone, per 100 ml), the latter being taken _ 
the entire procedure, with a single and triplicate distillations. 
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‘before and distillation, if ‘they occur, are greater and hence more detectable. 
results were obtained on a Unicam SP600 spectrophotometer. | 
ate 


530 my was chosen as a suitable compromise. 
_ The blank reading should be checked for each batch of salicylic aldehyde before use; 2 

‘if it. it is less than 0-200 when measured against distilled water, no purification is needed. After 

purification by standard procedures, blank readings were as low as 0-050 at 530 my. and 


Teadings: to be made at shorter _wavelengths. However, it is doubtful whether 


Maximum colour development \ was not reached, even 2 hours after removal from the 
oe. bath; for all practical purposes, however, readings can be made at 60 or 90 minutes, # 
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depending on the number of determinations being carried out simultaneously and hence on oi 


_ the significance of the small changes in optical densi density that occur during the interval necessary 
_ Beer’s law was always strictly obeyed over ur the range 0 to 1- 21 mg of acetone per 100 ml 
, =“ blood © Steate and was us usually obeyed over the the range | 0 to 1-6 mg of acetone per 100 ml. 
4 
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Acetoacetic acid and free acetone—If the procedure recommended for acetoacetic 


ui free acetone was followed, but with addition of blood filtrate to 7 N sulphuric acid before 4 


heating was begun, recoveries of acetoacetic acid were of the order of 80 to 90 per cent. and ~ 
_ those of acetone could be as low as 70 per cent. This loss was due to the rapidity of decar- > 
- boxylation of acetoacetic acid, to the low boiling- point of acetone and to the low ratio between © 
the volumes of the condensers and distillation tube. - During the initial heating and in the 
= stages of boiling before steam began to condense, acetone vapour was forced out ie 
he expanding air. This loss could be almost completely avoided by careful control of the 
initial rate of heating; this is tedious and leads too easily to personal errors and hence to a . 
reduction in reproducibility of results. 
_ Addition of the blood filtrate from the. dropping funnel after boiling had begun and equili- 
brium had been reached in the condenser system completely avoided loss of acetone without — 
the need to vary the rate of heating during t the distillation ; as aay as Six distillations could 
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FROM STANDARD SOLUTIONS OF “ACETONE, “ACETOACETIC ACID AND 
p- HYDROXYBUTYRIC ACID AT VARIOUS 
All concentrations expressed as as acetone 
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acid 
acid 
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April 1960] _ REID: THE DETERMINATION OF KETONE. BODIES IN BLOOD 

Recoveries of from aqueous solutions averaged. 98 to 102 per cent. at of 

2 to 10 mg per 100 ml. From time to time the errors of different analysts have been checked 
by carrying out 12 to 18 determinations on the same solution. Mean recoveries on five == 
occasions, involving two analysts, varied between 98-3 and 101-4 per cent. The standard et fas 
deviation of a single determination never exceeded 0-22 mg per 100 ml at a concentration Ah ay 
of 5 mg of acetone per | 100 1 ml. Similar recoveries and errors were obtained with solutions oa 
On several occasions duplicate or triplicate determinations were carried out on solutions oe —— 
of various concentrations; the results are summarised in Table I. Recovery did not vary — 


with concentration, but the ; absolute error was least at low concentrations. = 


_ Inone period of 6 months, thirty-two series of blood analyses were carried out on different a a 
- days. _ Mean recoveries from duplicate acetone standards on these days varied from 95:5 to. oer 
- 103-5 per cent., the over-all mean being 99-6 per cent. In another similar period, mean re-_ 
coveries from 19 duplicate standards ranged from 94 to wa cent., the over- -all mean 


“Ethyl acetoacetate has proved an unsatisfactory for our On six 
_ occasions when recoveries from sodium acetoacetate standards were (100 + 2 per ce cent., ae 
_ recoveries from ethyl acetoacetate standards varied from 77 to 93 per cent. tn). eo 
B-Hydroxybutyric acid—With the procedure recommended, recoveries of acetone from. 
iB -hydroxybutyric acid averaged 72 to 76 per cent. of the theoretical. The errors of different 
—- have been checked in the same way as for acetone. Mean recoveries on eight — 
occasions, involving four analysts, varied between 71-7 and 75-5 per cent. The standard 


- deviation of a single determination never exceeded 0-31 mg per 100 ml at a level of 5 mg, 


As with acetone and acetoacetic acid, duplicate or r triplicate determinations were carried _ 
_ out on several occasions on solutions of various concentrations; the results are summarised — 
in Table I. Recovery did not vary with concentration, but, as with acetone, the absolute — 


As oxidation and distillation sida simultaneously, the concentration of reagents is o 
continuously | changing. Mayes and Robson® have claimed that the reagents must remain — 
at constant concentrations throughout the period of oxidation if reproducible results in the 
determination of B-hydroxybutyric acid are to be ensured. Accordingly, distillations were — 
carried out in which the rate of boiling was reduced to an extent sufficient to ensure that 
only a few drops of distillate were collected in 15 minutes. After this period of “heating 
under reflux,” distillation was carried out at the normal rate, so that 5 ml of distillate were — 
collected in a | further 5 minutes. Recovery was increased to 80 per cent., compared with 
85 to 86 per cent. obtained by Weichselbaum and Somogyi,? Greenberg and Lester® and — 
Mayes and Robson,® who used other procedures involving heating under reflux. However, — 
the error was no less than that obtained by the same analyst with the shorter proposed method. h 
- _ Most methods for determining B-hydroxybutyric acid give less than 100 per cent. of the 
theoretical recovery of acetone; all must depend on rigid standardisation of procedure if high 
_ reproducibility is to be obtained. As long as this principle is followed, there is no special © 
_ virtue in prolonging a procedure to increase recoveries to an arbitrarily accepted maximum 
of 85 per cent. It should be pointed out that distillation times vary little in this laboratory _ 
_ during a series of distillations with butane gas at constant pressure; variable gas pressures 
_ at different times of day associated with large town supplies are known to lead to considerable 2 
ETERMINATION OF TOTAL BODIES IN / INA ‘SINGLE DIS DISTILLATE i, Sa 
a recovery of acetone from | Bp -hydroxybutyric acid is not complete, the determination 
} total ketone bodies in a single distillation involves an assumption of the proportion of total 
_ ketone bodies that this acid forms. This proportion may vary considerably from normal in 


: -man® and in ruminants"; we have observed ratios of acetone plus acetoacetic acid to B-hy- 


droxybutyric acid varying from 1 to 1 to 1 to 11 in ewes” with ketosis. $8 | . 
In sheep, as in man, the normal ratio is near I to 2. — If total ketone bodies are deter- 
_ mined in a single distillation and this ratio is assumed, it can be calculated that the maximum _ 
error of the estimate is +5 per cent. if the true ratio lies between 1 to 1 and 1 to 5, increasing E H 
—9 per cent. as the true ratio increases to 1 to 15. 
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REID: REID: THE DETERMINATION OF KETONE BODIES IN BLOOD 8s 


simplest technique for determining both acetoacetic acid and 
acid i in a single distillation would appear to be addition of filtrate to boiling 7 N sulphuric ] Com 
acid containing potassium dichromate, and then distillation for 5 minutes. ~ However, the 9 whic 
conversion of acetoacetic and B- hydroxybutyric acids to acetone by heating directly in acid sodii 
dichromate solution, as proposed by Greenberg and Lester* and Thin and Robertson,’ has buty 
been criticised by several workers. In our hands, this procedure gave recoveries of only but 
60 per cent. of the theoretical amount of acetone from acetoacetic acid, 48 per cent. from 7 
_ ethyl acetoacetate and 60 to 65 per cent. from B-hydroxybutyric acid, at levels of 3 to 12 mg, | and 


; as acetone, per 100 ml. In this respect, our results for acetoacetic acid agree with those of 
Michaels et al.,3 Werk et al.4 and Hird and Symons" and for B- ehyGroxybutyric acid with 
a. The method described below was finally adopted for use when only a total ketone figure _ 
was required and when a high order of accuracy was not needed. A 5-ml sample of blood — ‘ 
- filtrate was placed in the distilling tube with 3 ml of 18 N sulphuric acid. _ Heating was 
begun at the usual rate and was continued until collection of distillate had begun. - Potassium 
_ dichromate solution (5 ml) was then introduced from the dropping funnel, and heating was 
continued until 5 ml of distillate had been collected in 5 minutes. Colour development _ : 
Recoveries of acetone from acetoacetic acid varied from 80 to 90 per cent. _ Recovery | 
of acetone from B-hydroxybutyric acid was 72 to 75 per cent., as in the two-stage procedure. i 
Unless pre-formed acetone constitutes an appreciable proportion of the acetone plus aceto-— 
acetic acid fraction, the maximum additional error likely to be introduced by the assumption - 
mm an 85 per cent. recovery of a from acetoacetic acid is less than 0-1 mg per 100 ml. 
APPLICATION OF ‘THE ‘METHOD TO ANALYSIS OF BLOOD 
—e experiments have been carried out at various times with solutions of acetone 
7 and with mixed solutions of acetoacetic acid and B-hydroxybutyric acid added to blood. 
Recoveries of acetone were 98 to 101 per cent. when the solutions were added to blood and 
carried through the protein-precipitation procedure" at dilutions of 1 in 10 during protein 
precipitation. We have observed, however, that centrifugation after protein 
by this method may be associated with a loss of acetone of the order of 15 per cent. at a 


concentration of 5 mg per 100 ml of blood. 


; _ RECOVERIES OF ACETOACETIC ACID AND B- -HYDROXYBUTYRIC ACID ADDED TO BLOOD 

protein acetone, acetone, Mean an acetone, Mean* of 

precipi- =omgper mgper recovery, deter- =mgper mgper -_Tecovery, deter- 
Date ‘tation 100 ml 100ml minations 100ml 100 ml %  minations 


Protein precipitation with acidified 1-25 per cent. solution zinc and 0-75 N sodium hydroxides — 


912.68 in 20 10 070 70 0-74 
28.558 linl0 29 255 88 700 i] 
29. 5.58 1in 10 2-4 4 hie | 2 4 mals 
a 29. 5.58 lin 10 49 461 


Protein precipitation with 5 per cent. w/v solution of zinc and 0-3 N hydroxide 


‘17.758 1in40 203 20: 50 101 con 

‘181258 1linlO 25 250 10 £46 

Corrected for lo: losses simultaneous d distillation of solution malone. 
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pri, 1960] ‘THE F KETONE BODIES 1 IN BLOOD 27 
¢ _ Recoveries of acetoacetic acid and f- hydroxybutyric acid are summarised in Table I. a 
Complete recovery was never attained by the earlier protein- precipitation technique, in 
_ which the reagents are an acidified 1-25 per cent. w/v solution of zinc sulphate and 0-75 N 
sodium hydroxide. Recoveries of acetoacetic acid were higher than those of B-hydroxy- — 
_ butyric acid. The absolute amounts lost were not constant at different concentrations, 
but the percentage loss was least at the highest concentrations used. 
vas _ Recoveries were likewise low with one batch of reagents in use between ebbdbhber 1957 
and June 1958 for protein precipitation by the later method of Somogyi. However, two 
subsequent batches of reagents from a different source gave ee recovery of of both acids. ieee 
reason for this difference is not known. 


The original objection to distillation techniques for determining acetone, v1 viz., , the readi-- 
‘ness with which distillation losses occur, has been completely 01 overcome in our method, as 
‘it also has in that proposed by Mayes ee 
- _ For each ketone fraction the standard deviation of a single determination was less than — 
+0-15 mg per 100 ml of blood at levels below 3 mg per 100 ml, increasing to +0-35 mg per 
100 ml of blood at levels above 7 mg per 100 ml, a 1 in 10 dilution being used during protein 7: 
precipitation. At this dilution, the range of the method for each fraction was 0 to 15 mg per % 
100 ml of blood. The necessity for higher dilution of severely hyperketonaemic blood during 
protein precipitation or before distillation clearly does not increase the percentage error. 
The method was therefore accurate at low blood ketone levels, the percentage error being — 
b Miss Bridget E. Burnett and Messrs. S. H. Buttery, D. R. Williams and S. C. Mills assisted — = 
at various stages in | the development of the method. Argon } Neon Instruments, Surry Hills, — ; 
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titr 
Betaine in Sugar-beet Juices and ‘Plant Mat terial 
y A. CARRUTHERS, J. F. T. OLDFIELD AND i. TEAGUE 
(British Sugar Corporation Lisited, Research L Laboratories, Bramcote, Nottingham) in « 

_ Betaines are shown not to be adsorbed by an intimate mixture of the west 8 thr 
hydroxide form of a quaternary amine anion-exchange resin and the hydrogen inte 
form of a carboxylic cation-exchange resin. Choline, dimethylglycine, bie we exc 
-methylglycine, amino acids and ionic substances are quantitatively adsorbed 

on the resin mixture. A method is described for treating sugar-beet juices” ae M 
or plant extracts” with the resin mixture to remove interfering ions, and | MA 
betaine can be determined in the treated liquor by any quantitative technique, eT ve ma 

_ _ In the absence of interfering i ions, betaine can be determined by | precipitation with ee ow 
tri-iodide,!;* phosphotungstic acid? or ammonium reineckate. None of these precipitants J jy. 
is specific for betaine, and complex procedures have been described! for removing some of the J 7" 
compounds that may be co-precipitated with betaine by potassium tri-iodide. as ae | a 

_ Walker and Erlandsen* used ammonium reineckate at pH 1 to precipitate betaine J 
‘Teineckate and overcame interference caused by precipitation of choline and strong nitro-— me 

genous bases by decomposing the crude reineckate with silver nitrate and titrating the “4 a 

betaine nitrate against sodium hydroxide to pH 6. The nitrates of the stronger bases were § of 
P not sufficiently acidic to be titrated at this pH. The procedure was used without pre- § 9 
treatment for determining betaine in sugar-beet molasses, but it was necessary to iuiy th 
_ _beet-diffusion juice with lime before analysis. In applying this method to purified extracts pa 


of tissues of young roots and seedlings, Cromwell and Rennie® found that other basic sub- 
_ stances were co-precipitated with betaine at pH 1 and that the reineckates of some of these 
= produced acidic salts when treated with silver nitrate, thus being included in the 
__ Cromwell and Rennie therefore treated the crude precipitate with silver nitrate to remove 
reineckate ion and then boiled the solution in the presence of silver oxide to decompose 
most of the interfering substances. After acidification with hydrochloric acid and separation 
i of the precipitated silver chloride, the betaine was again precipitated by ammonium reineckate 
- and determined by a method similar to that described by Walker and Erlandsen. > 
_ In the absence of a complete analysis of plant material, the efficiency of specific chemical 
_ treatments for the removal of interfering ions cannot readily be forecast and the procedures 
are necessarily tedious, so that a single method for separating betaine free from other ionic 


___— Betaine is adsorbed on strongly acidic cation- -exchange | resins,® but no satisfactory | 
e- is available to elute betaine quantitatively without also eluting amino acids. 


During studies of combinations of ion-exchange resins for the de-ionisation of beet extracts 
and process liquors, it was observed that, although almost complete de-ionisation was ob- 
tained with mixtures of sulphonic acid cation-exchange and quaternary amine anion- [ 
_ exchange resins, the effluent from the column contained betaine if a weakly acidic carboxylic © 
= -exchange resin was substituted for the sulphonic acid resin. The latter combination © 
@ was therefore investigated as a possible method for removing interfering ions before the 
‘De-ionisation is more efficient with a mixture of acidic and basic resins than with 
"separate columns, but it was found that betaine passed quantitatively through an intimate 
4 mixture of the hydroxide form of a strongly basic anion-exchange resin and the hydrogen 
- form of a weakly acidic cation-exchange resin, e.g., De-Acidite FF(OH) plus Amberlite 
IRC-50(H). The resin treatment quantitatively removed all ionic species, other than betaine, 


known to be present in beet liquors. Since betaine is not adsorbed on the resins, the process 
is not subject to the disadvantages of other ion-exchange methods, which require recovery 
of material from the ion- exchange column before analysis. 
_ After removal of interfering ions by passing the solution for analysis through the resin 
mixture, betaine was determined in the treated liquor by Walker and Erlandsen’ s‘ reineckate 
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“gen, as determined by the above-mentioned method, is equal to the total 1 nitrogen prese ; 
_in the effluent; the betaine would consequently be determined by any quantitative precipita- _ 
tion technique, either colorimetrically, as betaine reineckate, or as nitrogen by the Kjeldahl a 
ek The effluent from beet extract or unclarified raw juice contains seal amounts of nitrogen oa 
_in excess of the betaine nitrogen; this is probably due to the passage of traces of ci 
_ through the resin column. — The excess of nitrogen in the effluent has been shown not a 
_ interfere with the reineckate - silver nitrate titrations, which, in conjunction with io ion- 


exchange pre-treatment, can be used for unclarified biological materials. 


 Ton-exchange resin es ERE —Convert 500 ml of De-Acidite FF (16 to 50 mesh) to dll 
hydroxide form and 250 ml of Amberlite IRC-50 (16 to 50 mesh) to the hydrogen form by 
treating them, respectively, with two bed-volumes of 2 N sodium hydroxide and ten bed- 
volumes of N hydrochloric acid. Wash the resins free from alkali or acid, drain, and intimate- _ 
ly mix two volumes of De-Acidite FF with one volume of Amberlite IRC-50. 
reineckate 10g of ammonium reineckate in 200 ml of 


mixture into with just sufficient water to cover the 
of the column of resin in a chromatographic tube prepared by joining a short length of _ 
0: 6-mm external diameter glass tubing to the base of a 16-mm x 150-mm test-tube. Avoid 


_ the use of an excessive amount of water in transferring the resin mixture to the tube, otherwise — ven 
partial separation of the resins will occur, as the aay of the cation- -exchange resin is 


_ The concentration of hiolaien in the test solution to be placed on the column should be 


‘between 1-5 and 7-5 mg per ml. Suitable amounts are contained in raw juice, thin juice, 
‘ process syrups diluted to a sucrose content of about 15 per cent. and in 5 per cent. sol solutions — 
Transfer 10 ml and the at the rate of 
about 1 ml per minute. When the liquid level has fallen to the top of the resin, wash the 
column with water until ; a total of 50 ml of effluent and washings is obtained. 
| _ Acidify a 10-ml aliquot of the combined effluent and washings with 1-0 ml of N hy hatin 
chloric acid, and add 10 ml of ammonium reineckate solution. Cool to 5° C, and 
: the precipitated betaine reineckate on a sintered-glass crucible (porosity No. 3). _ Wash the « 
precipitate free from acid with 5-ml portions of diethyl ether. Ensure that the crucible © 
is completely free from acid by testing with moist indicator paper, since any residual acid 
will be determined as betaine ; approximately 30 ml of ether are required for complete washing. - 
Dissolve the precipitate in 10 ml of a 70 per cent. aqueous : solution of acetone, and finally 
wash the crucible with 10ml of water... 
_ To determine betaine in the aqueous acetone solution by Walker and Erlandsen’ s titra 
a filter the mixture through a small Buchner funnel. Wash the precipitated silver reineckate 
with 20 ml of water, and titrate the betaine nitrate in the combined filtrate and “washings 
with 0-0 ‘Ol N sodium hydroxide to the methyl red end- -point. 


"PROCEDURE FOR PLANT MATERIAL— 
i Place 50 g of chopped root or leaf and 200 ml of water in a 500-ml beaker, weigh the | 
beaker, and boil the contents gently for 5 minutes. Restore the evaporation loss, calculated 
by weighing, macerate the mixture for 10 minutes in a blender, and filter. (The boiling 
is merely to facilitate maceration and can be omitted for chopped sugar-beet root. If i: 
rei is available, a cold-water extract can be prepared with a brei t to water ratio of 1 to 4 and 
only sufficient material to yield 50 ml of filtrate.) 
_ Place 50 to 70 ml of the plant extract on the column, and collect a total of 100 ml of — 
effluent and washings. Evaporate a aliquot of of the combined effluent and washings 
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to approximately 10 ml, acidify, and determine betaine by reineckate pre precipitation as des- 

- eribed above. It is desirable to precipitate 3 to 15 mg of betaine; if necessary, the amount § con 
_ of extract placed on the column may be increased, provided that the absorption capacity, - 
approximately 2 millimoles of ionic is ot exceeded and that the column is 
with not less than 30 ml of bed tion bet 


_ When large numbers of determinations are involved it is possible, because of the greater 7 


- density of the cation-exchange resin, to separate the two resins for regeneration by back- 

washing in a column not less than 2 inches in diameter. This separation is not practicable 

with less than 1 litre of resin, and it is probably more convenient when making infrequent 

determinations to discard the resin mixture after use, 

_ Amberlite IRC-50 can be obtained in the hydrogen fc form, ‘So that: that the acid | treatment 

this ‘Tesin is not t necessary if if the resin is not re-used. 

vag} 


ty 


The betaine content of a standard solution of betaine hydrochloride \ was checked ” 
titration with sodium hydroxide to pH 6. Various aliquots of the | solution were diluted 
G to 10 ml and placed on a column of the mixed ion-exchange resins. The betaine contents — 
q of the 50-ml portions of effluents were determined by reineckate - silver nitrate titration ; + 


Betaine in test solution, m 138 13:8 276 note 
These recoveries are of the same order as those from standard solutions a: column 
treatment, #.e., betaine is not adsorbed on the resin mixture, 
~ Beet second-carbonatation juice (10 ml) was placed on the column. This juice contains ; 
at least twenty common amino acids, principally glutamine, glutamic acid, aspartic acid, 
alanine, y-aminobutyric acid, leucine and valine. - The effluent was neutral, free from potas: be 
- sium and sodium and formed no colour under the conditions of Moore and Stein’ Ss ninhydrin © du 
reaction, which is sensitive to 0-5 p.p.m. of a-amino nitrogen. = ju 
Diy: ‘Choline, methylglycine and dimethylglycine were also completely adsorbed. ° Trigonel- 
_ line (N-methyl nicotinic acid betaine) was not adsorbed and was determined quantitatively © 
_ by the reineckate procedure. _ It was concluded that the column treatment effectively — 


removed all potential interfering i ions except betaines. No betaines other than trimethyl- 
glycine have been reported in sugar-beet juices orextracts. 
__ The recovery of standard betaine hydrochloride solution added to beet raw juice before 


RECOVERY OF ADDED BETAINE FROM BEET RAW JUICE 


y a Betaine in raw juice, mg per 100 ml . ot 


Betaine added, mg per 100 
Betaine found, mg per 100ml 

a The betaine and total- -nitrogen ¢ contents of the 50-ml effluents from a series of 10-ml 


samples of sugar-beet factory juices, including raw juice, second-carbonatation juice, thick 


juice: diluted to a sucrose content of 15 per cent. and ad 5 per ce: cent. solution of molasses, are 


BETAINE AND TOTAL-NITROGEN CONTENTS OF EFFLUENTS FROM AT 
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THE DETERMINATION OF BETAINE IN SUGAR- BEET JUICES 


les- ) a With the exceptions of t those of the effluents from raw juice, the betaine and total-nitrogen 
unt § contents do not differ by more than the probable error of the determinations. hag. 
ity, _ The effluents from raw juice, however, contained nitrogen in excess of the betaine © 
hed nitrogen. _ The fact that this excess of nitrogen does not interfere with the determination of SP 
| betaine is shown by the results in Table III for the analysis of raw juices and the corresponding : 
able BETAINE CONCENTRATIONS FOUND IN BEET PROCESS JUICES AND MOL MOLASSES 
lent Concentration of betaine in— 
per 100 partsof juice, parts per per 100 parts of ent 
In the of carbonatation juice from raw juice, the protein and abou 
mn 30 per cent. of the non-sugars are removed, but there are no significant differences in betaine 
_ | contents, relative to sucrose, of raw juice and second-carbonatation juice. It is therefore 
ains # unnecessary to clarify raw juice before the ion-exchange treatment. = 
cid, | | The concentrations of betaine in samples of molasses are also shown in Table III. Since 
tas- betaine is not removed in the factory processes it is possible to estimate the molasses pro- 
drin duction, relative to the sucrose intake, from the relative concentrations of betaine in raw 
nel- | — Concentrations of betaine in n molasses, as determined by Walker and Erlandsen’s method‘ — 
vely | without treatment with the resin mixture, were from 9 to 14 per cent. higher than those — 
vely J found b the proposed procedure; this im lies that potentially interfering ions are present in 
y proposed p pil y Pp! 
f Bi Blood, J. W., and Cranfield, H. T., Analyst, 1936, 61, 
_ 3. Davies, W. L., and Dowden, H. C., J. Soc. Chem. Ind., 1936, 55, 1755. — oy 4 
‘Walker, H. jun., and Erlandsen, R., Anal. Chem., 1951, 23, 1309. 
t Cromwell, B. T., and Rennie, S. D., Biochem. J., 1953, 55, 189. en =i a 


Westall, R. G., J. Sci. Food Agric., 1950, 1, 
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TL* Application to Solutions Containing More ‘Than One Component 


“(Department of Chemistry, Sir , Cass College, London, . 3) als 


has been extended to systems containing two and three components. PE ccty 

- THE ‘application of a differential photometric method to solutions containing single metals! 
gave results similar in accuracy and reproducibility to those obtained by Bastian and others. 
The method has subsequently been extended to two- and three-component systems containing 

the perchlorates of nickel, copper, cobalt and chromium in the approximate proportions — 


found in various industrially useful used w: was described | 
in Part I of this se series." 


| 


When the calibration curve for a single absorbing species is prepared, 1 the extreme _ 
concentrations of the standard solutions are set to give zero and 100 per cent. transmission. - = 
_ The curve is not linear, and its shape at a particular wavelength depends only on the extreme ~ 
_ concentrations; hence it is valid at that wavelength for any other absorbing species whose > 
extreme concentrations have the same absolute transmissions as those of the standard. 
The calibration curve can therefore be used to calculate the effect of interference from a 
second species, provided that the molecular extinction coefficients of the two species are 
known. This calculation has been described in standard text-books*,* and is similarly applic- 
able to systems containing three components when three wavelengths are used. cecil 
po For maximum accuracy the wavelengths chosen should be those at which one com- 


an The concentrations of the reference and test solutions were determined as described 
yontonte? _ The extreme concentrations of the standard solutions used at each a 


Calculated 


of reference solutions, scale 
used, m ll J 


2-4000 and 2-7568 
and 3- 4550 
7835 and 1- 0970 
3-1340 and 5-0144 © 
0-7900 and 1/1850 
0-0 and1-1850 
5 0-9459 and 2-2070 
Table II shows the concentrations of the test in the investigation of t two- 


and three-component systems and also the percentage compositions | to which these values — 
correspond when regarded as derived from industrial alloys. a 


* For details of Part I of this series, see reference list, Pp. as. | 
Present of Chemistry, Chelsea College of Science and Technology, ‘Manresa 
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Concentrations 


contents of 
115 71-95 
28-05 
9 ig Copper 1975 


41-07 


_ The results in Table Ill ‘are. the means of five ‘sets of concentration determinations 


carried out at various times by one observer, the same instrument (a Unicam SP500 spectro- 
photometer) and the same cells being used throughout. Each set of results is the a 
of a duplicate determination performed without removing the cells from the carrier. The 


Copper 6 agit 
el 1-02 _0-12 «= 08 ite. 
Little work has on the analysis of multi-component systems by differential 
methods. Banks, Spooner oH O’Laughlin* have applied Reilley and Crawford's method* 
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results at 575 mp for similar in accuracy to in ‘Table I mm. 


278 
Bastian’s method has been applied to the analysis of uranium - niobium mixtures by Banks, 
Burke, O’Laughlin and Thompson,* but their results cannot be used for comparison, as the 
true compositions of the mixtures analysed were not quoted. Bacon and Milner’ have analysed 
uranium - molybdenum mixtures and quote results for the minor component, moly bdenum ; 
their results are also similar in those in Table TI. 
From the results found, it appears that Reilley and is of an 
accuracy to within +0-2 per cent. for multi-component systems. It is difficult to institute 
_ any valid comparison with existing results for differential methods applied to such systems, 
but even at the comparatively low scale expansions used the results are equally good. A 
q limiting factor in the accuracy of determinations by this method is the accuracy with which 
_ interference can be calculated, which is poor for weakly absorbing materials. Against this, 
however, the method is the most versatile and potentially the most accurate seat 
method in the absence of gross interference. — +: 

2 ‘Thee experimental work described in this | paper contains part of a thesis submitted by on one 
of us (S.D.R.) for the Ph.D. degree of the University of London. The same author expresses 
his thanks to the Central Research Fund of the University of ‘London for a grant for a 
of silica absorption cells used in in this w 


Ross, Ss. ond Wilson, D. w., , Analyst, 1960, 85, 


Gillam, A. E., and Stern, E. S., “An Introduction to Spectroscopy in Organic 
_ __ Chemistry, ** Second Edition, Edward Arnold (Publishers) Ltd., London, 1957, p. 214 et seg. — 
: 3. Mellon, M. G. , Editor, “Analytical Absorption Spectroscopy,” John Wiley & Sons Inc., New 
Banks, C. V., Spooner, J. L., and O’Laughlin, J. W., Anal. Chem., 28, 1894. 
5. Reilley, C. N., and Crawford, C. M., 1955, 27, 716. 
Banks, C. Burke, K. E., O’Laughlin, J. W., and Thompson, Ibid., 1957, 29, 995. 


Bacon, A. A., , and Milner, G. .W.C., aud. Chim. Acta, 19 1956, 18, 
Note—Reference 1 cc 1 constitutes Part I of this ser series. = 


Received August 11th, 1959 P* 
fo 
mee 


“The Abwoeytionstric Deter rmination | of Phenol 


‘(Department of Scientific and I National Chemical Laboratory, 
A colorimetric method for determining phenol has been developed; 
is based on the reaction between phenol and 4-aminoantipyrine in presence i 
an oxidant and a buffer solution having a pH between 9 and 10-5. Its use 
_ permits rapid determinations in aqueous solutions containing from 2 to 20 _ 
4 p.p.m. of phenol, with an accuracy to within +5 percent. = © 


tl 
4 HE method described in this paper was devised for use in investigating the bacterial J y 


destruction of phenol, when many samples had to be dealt with by one operator in the 


shortest possible time. 


Gibbs’s method, 1 although sensitive, is laborious; ‘the reagent i is not stable, pH has 


For our purpose the existing colorimetric methods hes several 


a 
Fy : to be controlled within a narrow range, and substances often encountered in bacterial media Ic 
interfere and must be removed. ~ Methods based on coupling with diazotised sulphanilic | | 
acid? 3,4 or p- -nitroaniline®> also suffer from of the The 

_ The proposed method is based on the reaction of 4-aminoantipyrine? i in pI presence 2 of an | 7 


_ oxidant with phenols having the para- position either free or occupied by a halogen, carboxyl, q 
_ Sulphonic a —, hydroxyl or methoxyl group. The product of the reaction is a red compound. — 
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_ 4-aminoantipyrine compound remains red. In order to create suitable conditions, i.é., an = 

oxidising medium and pH about 10, , potassium ferricyanide and various amounts of ammonia 

_ or sodium carbonate have been used,!°.11.12,18 the product of the reaction then being extracted 

into chloroform. This procedure was ; too lengthy and laborious for our purpose, but, when — 

the extraction was omitted, results were not reproducible and the colour sometimes faded 
rapidly. This fading was prevented by using ammonium or potassium persulphate instead 

_ of potassium ferricyanide, and its cause was later traced to a reaction between 4-aminoanti- — Li ca 
pyrine, carbonate and ferricyanide. When more ‘4-aminoantipyrine and oxidant were added vig 3 

_ to a faded solution the red colour was re-formed. This could be explained as follows. Inthe ED 
aqueous mixture of 4-aminoantipyrine, phenol, ferricyanide and carbonate, two main reactions _ 
take place, viz., the reaction between 4-aminoantipyrine and phenol and the oxidation of 
4- aminoantipyrine. In presence of carbonate, phenol is split off from the product of the — “ 
first reaction and the free 4-aminoantipyrine is then oxidised. When more 4-aminoantipyrine — 

and oxidant are added, the liberated phenol reacts again. 
_ The results were unaffected either by the nature of the buffer solution, ¥ when its pH 
value was between 9 and 10-5, or by changes in temperature between 19° and 40° C. 4-Amino- _ 
antipyrine is oxidised to an acid, and a buffer solution was therefore added to stabilise the pH. — 
A saturated solution of sodium tetraborate ‘pH 10-1) was chosen in preference to other buffer 
solutions because of the simplicity of its preparation. . The maximum light absorption of the 
reaction mixture was at 500 mp when a phosphate or carbonate buffer solution was used and — 
at 540 my with the sodium tetraborate solution. Calcium, magnesium and iron salts 
encountered in “water. do not interfere, do amino acids or Peptides. 


4-Aminoantipyrine solution—Dissolve 3 g of technical-grade - 4-aminoantipyrine | in 100 ml 
of distilled water, filter the solution if it is cloudy, and store in a cool dark place. This 
solution is stable for about 2 weeks, 7 
Ammonium persulphate solution—Dissolve 2g of analytical-r reagent grade ammonium 
persulphate in 100 ml of distilled water. Store the solution in a cool dark Place; it is stable Oke 

- Sodium tetraborate solution—Dissolve 40 g of sodium tetraborate i in 1 litre of hot distilled Mak 
water; set aside overnight to cool and to allow excess of solute to crystallise. = Use the super- M. 

Standard phenol solutions—Accurately weigh about 1 g of pure phenol, dissolve in 100 ml 
of the sodium tetraborate solution, transfer to a 1-litre calibrated flask, and dilute to the 
. Store i in a cool dark place. . By suitable dilution of this solution, 


mark with distilled water. 
prepare separate solutions to cover the range 0-5 to 20 p.p.m. of phenol. These solutions are 
not stable and must be used immediately after preparation. 
PREPARATION» OF CALIBRATION GRAPH— 

Place 5 ml of standard phenol solution in a 50-ml calibrated flask, add 10 ml “_— sodium — 
tetraborate solution, and mix well. Add 1 ml of 4-aminoantipyrine solution, mix again, 
_ wash down the neck of the flask with a further 10 ml of sodium tetraborate solution, and then 
add 1 ml of ammonium persulphate solution. Shake well, and set aside for 10 minutes _- 
_ allow colour development. Dilute to the mark, and measure the light-absorption difference 

_ between the standard solution and a blank solution containing no phenol; use a Spekker 
=. 4-cm cells and Ilford No. 604 filters. A me tied of the results against ale 


_If the sample is cloudy, filter or ‘spin in: a Treat t the clear solution as described 
above, and determine the concentration of phenol present in the sample bale reference to the - 
_ The results quoted in this section were obtained by the  pripened: demetnens all light- 
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_OCHYNSKI: THE ABSORPTIOMETRIC ‘DETERMINATION OF PHENOL 


RECOVERY FRENOL ADDED ToT TAP-WATER CONTAINING CALCIUM, MAGNESI UM 


TRON AND YEAST EXTRACT 


é IGHT-ABSORPTION VALUES OF PHENOL SOLUTIONS IN PRESENCE 0 OF F BORATE, vi 


Light-absorption value ¢ ae of solu ution con ining— ape Ph 
a m. 4ppm p-p.m. 12 p.p.m. 20 p.p.m. 

of Le penal, of phenol, of phenol, of phenol, Li 


‘6 0-23 045 0-66 0-87 
0-65 087 1-05 
; 0-72 0-89 


= 

a TABLE 
EFFECT OF VARIATION IN ‘TEMPERATURE 

P- m. drum units drum units 


‘drum units drum units 
> bry 


4 


8 0-44 

120 085 


Borate, and buffer solutions were in investignting the effect | 
0 of sien on colour formation. — Borate and phosphate buffer solutions were eee haa mixing | 


=e —- Solutions Of phenol were prepared in tap-water containing abou UU p.p.m. of calcium, The re 
. aan _ § p.p.m. of magnesium, traces of iron and 100 p.p.m. of Difco yeast extract. The results ] 5¢ phe 
“a qj. in Table I show that the presence of these substances had no appreciable effect on the | <ojuti 
value: 
stable 
=> 
3 
Some 
— 
+. 
tn presence of carbonate buffer solutton— 
— 
j a 
d 


April, 1900). OCHYNSKI: THE ABSORPTIOMETRIC DETERMINATION OF PHENOL 
various proportions of 0-1 M solutions of sodium hydroxide an boric acid or potassium 
dihydrogen orthophosphate ; the carbonate buffer solution was 0-1 M sodium seta Here ih 


The results in Table II indicate that maximum colour formation for a given concentration yale 


of phenol occurs at a pH between 9 and 10-7 and that the chemical composition of the — : ue 
solution has no effect on the light absorption, 


Normal \ variations ‘in laboratory temperature had no effect on m the light- 
values (see Table Ill). _ However, when the light absorption of a solution containing — hae, 
18 p.p.m. of phenol was measured at various temperatures, the colour was found not x me: 
i stable above 50°C; the results were— yrange en 


meter-drum units.. .. .. 0-94 0-94 093 0-78 


‘Various. batches of commercial were in the determinations. 
Some formed dark orange solutions and had a melting-point as low as 103° C, whereas pure 


4-aminoantipyrine, melting-point 109°C, formed pale yellow solutions. A series of light- 
absorption measurements was made in which two batches of 4-aminoantipyrine were used; 


 absorptiometer-drum units ..  .. .. | 0: (0-45 0-65 08 85 


_ Light-absorption value when batch B was used, 


Old batches of 4 -aminoantipyrine could be a by washing with nal > 


a The results shown below indicate that colour ‘was fully 
was unchan ed after 150 minutes. — 
Light- -absorption value siier 8 5 minutes, absorp- 
tiometer-drum units 0- 022 045 067 0:86 


Gibbs, H. Biol 1927, 72,649. 
2. Fox, J. J., and Gauge, A. J. H., J. Soc. Chem. Ind., 1920, 39, 260r. 
. Hanke, M. T., and Koessler, K. K., J. Biol. Chem., ‘1922, ee 
4. Miller, J. N., and Urbain, O. M., “Ind. Eng. Chem., Anal. Fd., 1930, 2, 12. 
Friend, E. Biol. Chem., 1923, 57,497. } 
Theis, R. C., and Benedict, S. E., Ibid., 1924, ot 67. : medal 
Kohs, M. “Pharm. Weekbl., 1931, 68, 557. 
Folin, O., and Denis, W., /. Biol. Chem., 1915, 22, 305. 
a 10. = M. B., Ruchhoft, C. C., and Lishka, R. J., Anal. Chem., 1951, 23, 1788, tabi + 
Gottlieb, S., and Marsh, P. B., Ind. Eng. Chem. Anal. Ed., 1946, 18, 
13. att, D. H., Demek, M. M., and J Anal. Chem., 1954, 26, 
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YAMAGATA AND YAMAGATA: RADIOC HEMIC: Vol. 85 


™ he Rapid Radioch 


By NOBORU YAMAGATA* anp TOSHIKO YAMAGATA 
(Kiriu Colle Co of Gunma , Kirin, » Japan) OS 


A method is described for ‘the rapid radiochemical ‘determination 
- caesium-137 in various materials containing 0-1 g or less of potassium. The Srv} mn. 
first Step is scavenging with ferric hydroxide (or phosphate), the second _ 
is precipitation of caesium with potassium dipicrylaminate and the third is mies 
-_Te-precipitation of caesium as chloroplatinate. The beta-particle activity 
- of the final precipitate (4 to 15 disintegrations per minute) is counted by a one 
low-level counting system. The combined contribution of the activities of ee 
potassium-40 and rubidium-87 is less than 0-2 disintegration per minute, and 1 7 
decontamination factors for other fission activities are greater than 10+. "The 
method can be applied to the determination of caesium-137 in 50- g wet 
of human tissue or in 10-g samples of bone. 
-DurinG 1957 and 1958 various foodstuffs, human urine and blood in Japan were found to 
contain from 20 to 70 wc of caesium-137 per g of potassium.’ By using a low-background " 
beta-counting system, 2 to 7 wc of caesium-137 can be conveniently determined with an 
error of less than 10 per cent. This amount of caesium-137 is associated with approximately © 
0-1 g of potassium in natural materials. _ We studied the separation of caesium-137 from a ; 
large amount of potassium and other elements and recommended the combined molybdo- 
phosphate - chloroplatinate method for samples containing 0-2 to 0-5 g of potassium.? © In 
SS of less potassium, however, caesium-137 can be conveniently co-precipitated with 
potassium dipicrylaminate. In this paper 


method for determining caesium-137 is described. 
__ The method is intended for samples containing 0-1 g or less of potassium and is based on 
‘tm separations. _ The first is the scavenging of other fission activities by co-precipitation with © 
ferric hydroxide, the second is co-precipitation of caesium with potassium eee 
and the third is re- of caesium as 


REAGENTS— 


and dilute to 100 ml. | 

Thymol blue indicator solution—Mix 100 1 mg of thymol blue with 2-15 5 ml of sodium 
hydroxide, and dilute to 100ml with water, 
Sodium dipicrylaminate solution—Mechanically agitate 25 g of dipicrylamine with 500 ml — 
of water, and add sodium hydroxide until solution i is almost saniell wi Set aside side for several _ 


isoButyl methyl ketone. 
Hydrochloric acid, 2 


Chloroplatinic acid s solution—A 10 per a. w/v. solution of chloroplatinic acid, 
—H,PtCl,. 6H,0, in water. = 
Subject the the sample containing approximately 0- 1 g , of pabintiee 1 face Table I) I) to wet 
oxidation or dry ashing. _ (Note that samples of radioactive fall-out, soil extracts or water 
equivalent to between 2 ani? 7 ppc of caesium-137 may contain less than 0-1 g of potassium ; 
to such samples add a known amount, , approximately 0-2 g, of pure potassium chloride. ) 
If dry ashing is used and organic matter remains, treat the residue with several millilitres 
a nitric - hydrochloric acid mixture (1 + 3), and evaporate to dryness. _ Repeat this procedure - 
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APPROXIMATE AMOUNTS OF SAMPLES EQUIVALENT TO 0: 1; OF ‘POTASSIUM 


g of potassium is associated with 2 to 7 pyc of caesium-137 


Raw cereal 


ae To between 100 and 200 ml of an acid solution of the ash add 20 mg of ayer ferric y 
chloride solution, and 2 ml of caesium carrier solution. Heat almost to boiling-point, and 
then add 2 per cent. sodium hydroxide solution until a precipitate of ferric hydroxide appears. 
Add a few drops of thymol blue indicator solution, and continue to add sodium “te ce sll 
solution until the colour changes from yellow through green to blue. Set aside for a short 
_ | period, separate the precipitate on a filter-paper of loose texture, wash once with hot water, — 
al and add the washings to the filtrate. If necessary, adjust the pH of the combined filtrate 
ray and washings to meus 8 and 9 by adding dilute hydrochloric acid or sodium hydroxide — 
Cool the ‘olution 3 in ice - water mixture, add about a 100 p per cent. excess of cooled sodium _ 
dgtaiaaiaabs solution, with constant stirring, and continue to stir for 15 minutes. — — 
, | aside for not less than 30 minutes at between 0° and 5° C, filter through a weighed sintered- — CF 
y _ I glass crucible, and wash the precipitate with 10 ml of ice-cold water and then 10 ml of — " 
_ ether at between 0° and 5°C. Dry the crucible an —" at _ C for 30 minutes, 
il allow to cool, and weigh (weight of precipitate = x g). oPilnss 


for 1 minute, run the aqueous layer into a 200- ml beaker, week Rive the extraction with two_ 
____ ff further 20-ml portions of 2 N hydrochloric acid (see Note). Combine the aqueous layers, a 
th | cvaporate to dryness, and dissolve the residue in 100 ml of distilled water. To this solution — 
_ Badd 1-5 ml of chloroplatinic acid solution, with stirring, rub the wall of the beaker with a _ 
"| glass rod until a yellow precipitate appears, and set aside for several hours. — Separate the a 
_ & precipitate on a weighed 1-inch filter-paper supported on a Hirsch funnel, and wash with © S 
a 10 ml of cold water and then 10 ml of ethanol. Dry at 110° C, cool, and weigh to determine ae 
the Tecovery of caesium (weight of precipitate = yg). 
| Mount the dried filter-paper and precipitate on a stainless-steel counting tray, count 
with a low-background beta counter, and correct the observed activity for self-absorption — 
and scattering of caesium chloroplatinate by reference to a previously prepared calibration 
graph. The calibration graph is prepared by plotting the activities of standard samples of _ 
caesium-137 (obtainable from the National Bureau of Standards, Washington, U.S.A.) — 
| Precipitated, as chloroplatinate, together with different amounts of added caesium carrier. 
, yo Note—Free dipicrylamine is less soluble in isobutyl methyl ketone than is the potassium salt. 
- _ As a result, a yellow precipitate may appear and render separation of the layers incomplete. this 
_ happens, pass both layers through a filter-paper moistened with water; this removes the precipitate 
(free dipicrylamine plus ‘methyl ke ketone). 


Calculate the activity of the original sample from the expression— 


r “Activity (E), Corrected activity of final precipitate, ppc 00507 
and deduce the amount of caesium- 137 present per g of potassium in the original sample 


_ - The effective scavenging of fission activities other than that of caesium with devin 
hydroxide (or phosphate) has been reported by many workers; we have shown that more than E 
99 per cent. of cerium and yttrium can be removed by only 16-8 per cent. of strontium,? 
the strontium being effectively removed by further separations, = thu. eee 
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The caesium 1m with thallous us dipicrylaminate? about a 90 per 
— yield of caesium and contamination of less than 1 per cent. of each of the rare-earth 
elements, strontium, yttrium, , zirconium, niobium, ruthenium and rhodium. It is only 
natural to suppose that caesium will be successfully co-precipitated with potassium dipicry]- 


_ aminate also. The chemical and radiochemical yields of potassium and caesium-137 obtained 
_ by the proposed method are shown in Fig. 1, which indicates favourable co-precipitation of | 


caesium with potassium dipicrylaminate. The chemical yield of potassium under the 
5 proposed conditions was over 98 per cent., and the radiochemical yield of caesium was 
almost 100 per cent. The effectiveness and simplicity of the solvent-extraction procedure 
for separating potassium and caesium from dipicrylamine have been previously « described 


OF CAESIUM-137 IN HUMAN TISSUES AND ORGANS 


ve The s samples were taken from the body « of a man who died on April 25th, 1959, ' 
from heart failure at the age of twenty-eight. The weight of the body was 57kg 


of Concentration of 


ro fresh sample fresh sample potassium 


1-50 


Potassium pre 


trace of caesium-137 is carried down by a preys 
of potassium dipicrylaminate 


The differences in solubility of the alkali chl chloroplatinates i in water are sufficient for the 
removal of potassium and rubidium in the last stage of the procedure. The contribution 
of the activities of potassium-40 and rubidium-87 was computed from the results of flame- 
analy ses of the precipitate, which was to contain less than 50 of 
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per 


rth | minimises the contribution. The combined contribution of the activities of alkali elemen 
‘yl- ae over-all decontamination from other fission activities has been examined foc 


strontium, cerium and yttrium by using radioactive tracers, strontium-89, cerium-144 and 
yttrium-91. The results showed that the decontamination factor is approximately 105 for 
| each of the nuclides and greater than 10‘ altogether. This seems to be satisfactory for dealing = 
ure { | Various organs and tissues from eighteen autopsied human bodies have so far been a... 
bed § analysed by the proposed method. The results showed wide individual variations in the _ 
nets concentration of caesium-137. The details will be published elsewhere, but Table II — 
typical results for a man who died of heart failure. 
_§ The standard deviation of the determination is approximately 10 per cent. for ae *) 
ito} samples. The concentration of caesium-137 is highest i in the skeleton (rib), both on the fresh 
_ | basis and the potassium basis (caesium unit). The wide variation in the values of the 
_ | caesium unit could be explained in terms of the variable ratio of natural caesium to potassium 
gio in different organs, but further discussion should not be made until analytical results for 
natural caesium have been obtained; a neutron-activation method could be used for this 


determination. proposed. method thought to be applicable to the Separation of 
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ber: Isotopic. Determination o of Lithium by Neutron Activation — 


K. Atomic Authority, Atomic Weapons Research Establishment, _ Aldermaston, Berks.) 


way method has been developed for determining the 
a in lithium samples. A solution of lithium hydroxide is irradiated in the tnd i a8 
neutron flux of a reactor, and the activity of the fluorine-18 produced by 


the reactions *Li (m,t) *He and 16Q) (t,n) 18F is ina positron counter. 


of these the mass-spectrometric method is ‘eee the most reliable. Several ot i 
graphic methods have been developed, including one by Stukenbroeker ¢ al.1 based on the 
isotopic spectrum shift of the resonance line at 6707-8 a, which has an error of about 2 per Pe 
cent. Kaplan and Wilzbach? measured the isotopic ratio of lithium by using the (n, a) - 
reaction on lithium-6 and then separated and assayed the tritium formed with | an oe ae 
of 1 per cent., but to obtain sufficient tritium for an accurate measurement the sample had 
to be irradiated for 2 weeks in a flux of 10! neutrons per sq. cm per second. Other saa 
metric methods** have been developed, but these give only approximate results. =| 
| Inthe method described below, the sample, in the form of hydroxide solution, is irradiated 
with thermal neutrons to produce tritons by the reaction *Li (,t) “He. These tritons then _ 
react with the oxygen in the solution to yield fluorine-18, from the 160) (tn) 48F reaction. — 
The activity of fluorine-18 (a positron emitter with a half- life of 112 minutes) can 
conveniently detected in a positron counter developed by Weale. 5 The counter is sufficiently 
‘specific for positron detection to make chemical separation of fluorine-18 unnecessary. _ ‘lea ’ 
| This method has an error of 1 to 2 per cent. and requires about 5 mg of lithium; it is _ : 
therefore suitable for analysing samples from a small research isotopic-separation apparatus. eo a 


The method is not an absolute one, as it depends on at least one mass-spectrometer analysis. 7 
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positron on two 0: 51-MeV y- -rays it in opposite directions; two scintilla- 


tion counters placed on opposite sides of the emitter recording only events occurring coinci- 
> dentally i in both counters is therefore a specific method of counting positrons. = 
A positron counter developed by Weale® makes use of this principle. ~ It consists of two 
cylindrical sodium iodide (thallium activated) crystals on opposite sides of the radioactive 
source. The source is sandwiched between two $-inch aluminium —_ and positioned 
half-way between the two crystals and along the axis of the system. Each crystal is viewed 
by a photomultiplier tube, the output from each being amplified and fed into a single-channel 
pulse analyser adjusted to admit only the 0-51-MeV photopeak. The pulses are then fed 
Into a coincidence unit, and scalers record the coincidences and also the individual channel 


0-1-ml ‘portion ¢ of 0-1 N natural lithium hydroxide. solution was ‘gealed ii in a silica 
_ tube 2 mm in diameter and 60 mm long, and irradiated in a flux of 10% neutrons per sq. cm 
_ per second for 30 minutes. The sample was transferred to the positron counter, and the 

activity was recorded once every 30 minutes fi for 6 hours. OA decay curve was plotted that 

corresponded to a pure 112-minute activity, 

_ An empty silica tube irradiated alongside the lithium solution was also counted at 

intervals of 30 minutes. Again a 112-minute activity was observed, the intensity being 

about one-third that of the natural lithium solution. Spectroscopic analysis of the silica 
showed the presence of about 20 p.p.m. of lithium impurity; this was sufficient to account 
for the observed positron activity. Because of this high blank value, all subsequent lithium 
solutions 1 were transferred to standard aluminium source holders before counting. — = 


 MetHop ier: | 
- Clean six silica tubes, 80 mm m long > x 2mm diameter, closed at one end, with 16 M nitric | { 
acid and distilled water, and then dry. Rinse the tubes with a 10 per cent. solution of di- 
_methyldichlorosilane in carbon tetrachloride, and again dry 
___ Place approximately 0-1-ml portions of the lithium solution to be analysed in two of the 
silica tubes, and seal so that the over-all lengths of the tubes are 60 to 65 mm. Similarly 
fill two tubes with a second unknown sample and two more with a solution of known 
lithium-6 content. (It would be advantageous, but not essential, to choose for a 
standard a solution containing the same order of lithium-6 concentration as the unknown.) 
Pack the tubes regularly round the sides of an irradiation can, and irradiate for 30 minutes 
in a flux of 10% neutrons persq.cm persecond. 
7! After irradiation, open the tubes, and transfer each solution to a ‘polythene weight 
{ pipette. Transfer an accurately known weight of each solution to a thin plastic film supported 
bya rectangular plate with a central l-inch diameter hole, and evaporate to dryness under 
7 an infra-red lamp. Determine the activities of the sources in the positron counter (record | 
at least 20,000 counts for each source). Repeat the measurements after about 2 hours as 
a rough check on the purity of the fluorine-18. 
Determine the normality of the lithium hydroxide solution by titrating against N hydro- 
chloric acid. (By using a micrometer-syringe pipette to deliver the hydrochloric acid it is J 


_ possible to titrate a few milligrams of lithium reasonably accurately and so conserve valuable 


bie. 


‘To calculate the percentage ; abundance of lithium, c correct the activities of the unknown | 
and the standard by extrapolating back to the end of the irradiation. _ Then, if the standard 

— solution containing S gram atoms of lithium-6 per litre has an activity of Fa at the end of } 
irradiation and X,, is the activity of the unknown sample of normality N, the abundance 


° 
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of lithium-6 in the unknown sample i _— 
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‘The high cross-section of lithium-6 for thermal neutrons tends to reduce the neu neutron a 
flux at the centre of the sample. In order to keep the self-absorption to a minimum a te a 4 
lithium solution was irradiated in the form of a narrow cylinder. Solutions having different ; 


nci- 


two 
lithium-6 contents were irradiated and counted; the results are shown in Table I. The 


tive 
ned | results show that, for solutions containing less than 0: ‘1 gram atom of lithium- ~6 per litre, Uu 


TRRADIATION OF DILUTE OF LITHIUM 
Lithium-6 content (A), Counts per be 10-8 
gram atoms per litre ute 
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lithiem- 6 and laboratory-reagent grade lithium (obtained "from the 
"tr British Drug Houses Ltd.). The fluorine-18 produced on irradiation of both products decayed 


_ | with a half-life of 122 minutes for at least three half-lives. However, the possible production 
vf of other nuclides that interfere with the determination has been considered, and the maximum a 


permissible amounts have been estimated. 
itric} | The most likely source of interference is from thermal neutron reactions producing 

f di- § positron emitters. _ Fortunately, only one positron-emitting nuclide, copper-64, is mel ; 
| from thermal neutron reactions in a yield likely to interfere with the main reaction. Nuclides 
the § emitting two y-rays in cascade with both energies equal to or greater than 0-5 MeV may be 
arly — counted, but with lower efficiencies than positrons. It seems unlikely that (¢,) ted, 7 4 
own § on elements other than oxygen will interfere because of the dilute solutions irradiated. 
raf Dilute solutions of the most likely impurities in lithium hydroxide have been on 
wn.) § and then counted in the positron counter. The results (see Table IT) show that the lithium 
utes | hydroxide must be extremely impure before activities resulting from these er affect 


ten, EFFECT OF IMPURITIES TES 


S as : Impurity = 41 nt. error in lithium-6 result, 

purity) ‘perce 


Calcium 


[| The accuracy ott the method is more likely to be affected by impurities, such as sodium 
a | and potassium, in the determination of normality. These can be separately determined by 7 a 
| flame photometry, and the results for total lithium corrected if they are present in sufficient — - 


— 
— 
a- 
— 
— 
| 
cor 
i 
e. 


METHOD FOR 


i lithium- 6 per litre indicate that the error of the counting ops ny 9 is rag than 1 per cent. 
However, this is not a fair determination of the accuracy because the solutions were prepared 
__ by diluting one strong solution and calculating the lithium-6 concentration. To determine the 
accuracy of the method the lithium-6 contents of three independent solutions were determined 
_ by mass spectrometry and by the proposed procedure; the results are compared in Table III. 


curve 


The error is +2 per cent. for these solutions of low lithium-6 content. This would i improve — 
slightly for solutions containing more lithium-6 because of better counting : 
ComPARISON OF RESULTS BY DIFFERENT METHODS and: | 
L ithium- 6 found by pee Lithium-6 found Picea as re 
‘mass spectrometry, neutron activation, ‘Difference 
| 4-60 oni 
5560 13 as it 
539 = — 0-04 
5-50 


‘The neutron- activation technique provides an iid method for the isotopic | has 


a analysis of lithium. It ‘requires fairly small samples and the accuracy is is sufficient for most f 
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Ti itrimetric Metho d for Determining Arsenite 


Presence of ‘Arsenate 


AT 


oxide by titration with standard N- bromosuceinimide solution is described. pot 
7 


= RE 

by the generally accepted iodine method. 
_Soprum arsenite has been used in the treatment of sheep helminthiasis,!:* and arsenites have } an 
proved to be effective insecticides,?.‘ e.g., sodium arsenite - lime dust for Anabrus simplex.' | Wt 
This wide use in veterinary medicine has stimulated our interest in the determination of | the 
arsenite. ars 
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= (Biochemistry Department, Faculty of Veterinary Medicine, Cairo University, Giza, Cairo, Egypt) bec 
om In presence of sodium hydrogen carbonate N-bromosuccinimide readily fad 
te: 7 and quantitatively oxidises aqueous solutions of sodium arsenite to sodium Pp —Enot 
arsenate. The reaction takes place at room temperature, and N-bromo- 
ing _succinimide is irreversibly reduced to succinimide, with the formation of 
| 


| April, 1960) 


methods*: 7, 8,9 in ‘the of arsenite, 
the oxidation property of arsenite being used as the basis of the reaction for its determination, — 
The complexity of oxidation - reduction reactions by oxygen-containing oxidising agents 
been shown by the anomalous course of the reduction - oxidation potential curve for , 
the titration of arsenite with potassium dichromate solution.1° Moreover, in potentiometric 
oxidation - reduction titrations of arsenite with bromate or iodate solution, the titration 
II], “Urves are not always superimposable.11 In amperometric titrations, standard hypobromite 
owe solution is said to be less stable than standard ene solution 1 in presence of excess of 
The | ‘described here involves the use of 
arsenite, even in presence of arsenate. The method is based on the fact that N-bromo- 
succinimide readily and quantitatively oxidises an aqueous solution of arsenite to arsenate — 
and is itself irreversibly reduced to succinimide, with the formation of hydrogen bromide, 3 


: NBr + NaAsO, + H,O —> | SNH + + NaAs0, + HBr. 


In presence of sodium hydrogen carbonate, the reaction is quantitative for equimolecular _ 5 ae 
concentrations at room temperature. Sodium hydrogen carbonate removes hydrogen bromide _ 
as it is formed and so helps the reaction to proceed to completion. Sodium carbonate or = 
sodium hydroxide cannot be used, since these compounds react with the bromine to form | 
__ | bromide, hypobromite and bromate. Succinimide has been isolated from the reaction mixture 
and identified by comparison of the melting-point and mixed-melting-point with that of 
| a pure sample. _ The p presence of arsenate and hydrogen bromide in the reaction solution © 
st Similarly, N- bromosuccinimide is ; quantitatively and reduced to > succinimide by j 
Farsenious oxide at room temperature, in accordance with the 


+ + 2H,O —> 2 + AsO, + 2HBr. 
The addition of sodium hy« helps this reaction to proceed to 


En this reaction, one molecule of arsenious oxide is quantitatively oxidised to arsenic oxide, | 
two molecules of N-bromosuccinimide being involved in the reaction. up zest 

| — The reaction between N-bromosuccinimide and arsenite or arsenious oxide does not a 
amy appear to have been described in the literature. N-Bromosuccinimide is an oxidising agent, —_ 


— often highly selective,!*."* and can liberate iodine from potassium iodide in | aqueous medium, a 
__ [ but it oxidises arsenite or arsenious oxide preferentially. Until all the arsenite or arsenious 
pee oxide present has been oxidised, no iodine is liberated from potassium iodide. The slightest — a 


[excess of N-bromosuccinimide added after all the arsenite or arsenious oxide has been =u 
[oxidised liberates iodine from potassium iodide; this can be easily detected by the blue a 
ar colour developed with a few drops of starch solution added at the beginning of the titration. = 
| Arsenate does not interfere in the titration, and arsenite can consequently be determined in 
| “N-Bromosuccinimide is analogous to iodine; it acts as an oxidising agent, but is superior 
a because it is a definitely crystalline compound, readily soluble in hot distilled water without —__ 
_ | volatilisation. An aqueous solution can be easily prepared and keeps well when placed in 
. a dark bottle immediately after preparation. Moreover, N-bromosuccinimide solution does 
i not reauire standardisation, as does an iodine - potassium iodide aqueous solution, and can ” 
ag be used to determine accurately amounts of arsenious oxide as small as 100 yg (see Table IV). : : 
Further, the price of bromosuccinimide is more reasonable than those of 


-~ A 1-2992-g portion of sodium arsenite (0-01 mole) was dissolved in 30 ml of distilled water, 7 
and 1-78 g of N-bromosuccinimide (0-01 mole) were dissolved in 100 ml of hot distilled water. 


| When the N-bromosuccinimide solution was cool, it was gradually added, with shaking, to 

| the cold arsenite solution. The mixture was a colourless solution in which the reuit of 

arsenate!® was established by means of the tests described below. uit ae Bis 


_ _ DETERMINING ARSENITE IN PRESENCE OF ARSENATE 
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— white crystalline precipitate of ammonium magnesium arsenate was formed. * When 
this precipitate was treated with silver nitrate solution containing a few drops ¢ of acetic 


Ea t B—To 10 ml of the colourless solution were added 5 ml of nitric acid, and the F undi 
_ mixture was heated until all bromine had been removed. Five millilitres each of am- ee 
‘monium molybdate solution and nitric acid were added, and the solution was heated 
to boiling-point. A yellow crystalline precipitate of ammonium arsenomolybdate wast 

- To confirm the presence of arsenate and to avoid the probability that the nitric 
acid used in this test would oxidise at least some of the arsenite if any were still present,§ 
a further experiment was carried out. To 10 ml of an aqueous solution containing 

1-2992 g of sodium arsenite per 100 ml were added 15 ml of concentrated hydrochloric § ©°™ 

7 acid and 0-5 g of potassium iodide. After 15 minutes, the liberated iodine was titrated volu 

3 against 0-1 N sodium thiosulphate; the titre was 0-5 ml. Concurrently, 10 ml of an§ /itr 


arsenate solution prepared by dissolving 1-2992 g of sodium arsenite and 1-78 g of grad 
N-bromosuccinimide in 100 ml of distilled water in a calibrated flask were titrated against | of t 
0-1 N sodium thiosulphate; the titre was 18-8 ml. The blank titration required 0-5 ml of t 
of 0-1 N sodium thiosulphate, 7.¢., the same titre as that found when arsenite was titrated. 4 
_ By quantitative determination it was found that 1-331 g of sodium arsenate were : 


formed from 1-2992 g of sodium arsenite; the theoretical yield is 1-4592 g of sodium nt 
arsenate, 91-21 cent. . of the arsenite Present was oxidised to arsenate. 


5 ml of the colourless solution 5 ml of iodide 
solution and 2 ml of concentrated hydrochloric acid. When the mixture was shaken ~~’ 
with 2 ml of chloroform, the organic layer was coloured violet. =# | 
The presence of hydrobromic acid was established by treating 5 ml of the colourless § Let 
a ‘solution with nitric acid and 10 per cent. silver nitrate solution; a yellowish white precipitate 
 Succinimide was isolated as follows. "* The remainder of the colourless solution (100 ml) J 
was distilled off in vacuo, and the solid residue was recrystallised from benzene. The colour- 
_less crystals so obtained melted at 125° to 126° C and were proved to be succinimide by melting- 
point and mixed-melting- point with an authentic sample. " 


Before the reaction was applied to the determination of arsenite in test solutions, it 
= decided to verify the reaction between N-bromosuccinimide and arsenite from a quantita- 
_ tive point of view. An accurately measured volume, ¢.g., 2 ml, of a solution containing 
0-12992 g (1 millimole) of sodium arsenite per 100 ml was placed in a 25-ml conical flask, 
_ and an equal volume of 10 per cent. w/v sodium hydrogen carbonate solution (free from 
= undissolved particles, i.e., saturated), 5 ml of 4 per cent. w/v potassium iodide solution 


and 10 drops of 1 per cent. starch indicator solution were added. The mixture was titrated 
with 0-1 per cent. w/v N-bromosuccinimide solution, added dropwise from a microburette, 
with continuous shaking after each addition, until a blue colour just appeared, and the volume 
added was noted. A similar series of experiments was carried out with a sodium arsenite 
- sobetion containing twice the number of molecules of solute present in the first solution. 


_ It was found that the reaction was stoicheiometric in | presence of sodium viento carbonate 


_ The equimolecular solutions of sodium arsenite and N- hemmesienatidite (freshly | pre- 


at room temperature; the were— 
Volume of sodium arsenite solution (1 millimole er 100 ml) 


Volume of sodium arsenite solution (2 rillimoies per ml) 


pared) were then diluted ten-fold with distilled water in 100-ml calibrated flasks. The: 4 
diluted solutions were > titrated as before and gave concesdant results. ae oe 
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Potassium iodide solution, 4 per ce cent. w/o, oly 


N-Bromosuccinimide solution, 0-1 cent. w/v, -aqueous—Freshly | prepare this solution 
before use. 


accurately measured volume, ¢. z., 5 mi, of the sodium arsenite ite i in a50- ml 


conical flask add 5 ml of 10 per cent. sodium hydrogen carbonate solution, #.e., an equal 

volume, 5 ml of 4 per cent. potassium iodide solution and 10 drops of starch indicator solution. 
Titrate the mixture with N- bromosuccinimide solution, added dropwise from a microburette 
graduated to 0-01 ml, with continuous shaking. The end-point is reached when the last drop» 

| of titrant added produces a permanent blue colour. sodium arsenite content 
of the sam le the expression— = 

Sodium arsenite present, mg or pg = 129-92 ve/178, 

in abies v is the titre of N- bromosuccinimide solution in n millilitres and c is the concentration — 

| of the N-bromosuccinimide solution in per millilitre. 


A 05 per cent. stock solution of sodium arsenite was prepared by dissolving 0-5 g of 
_— pure sodium arsenite, NaAsO,, obtained from E. Merck and Co., Darmstadt, Germany, in ; 

| hot distilled water; the solution was allowed to cool and was then diluted with distilled 
water to 100 ml in a calibrated flask. Solutions containing 0-4, 0:3, 0-2 and 0-1 per cent. of 
sodium arsenite were prepared by suitable dilution of portions of this solution. _ Thes odium = 
arsenite contents of these pure solutions were then determined by the proposed method ; 
the ee of which is the mean of at least two determinations, are shown in Table t 

eh 7 RECOVERY « OF SODIUM ARSENITE BY THE PROPOSED METHOD 

Concentration of Sodium O-l percent.w/v 

sodium arsenite i N- 
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Ap 
_ BARAKAT AND ABDALLA: A TITRIMETRIC METHOD FOR 
_ Aseries of experiments was carried out in which the 0-5 per cent. sodium arsenite solution § ~~" 
was analysed by the proposed method, 0-1 N N-bromosuccinimide being used, and by titration f A 
against 0-1 N iodine. The results, each of which is the mean of at least two determinations, arseni 


OF RESULTS FOR SODIUM BY THE PROPOSED meth 


| Res ml of 0-1 N N. -bromosuccinimide or iodine = 6-496 mg of sodium arsenite  -——«| DETE 


0-5 per cent. N-bromosuccinimide as titrant - With 0-1 N iodine as titrant «decid 
P 


a 
April: 


w/v sodium quant 


used, content, Titre, found, Error, Titre, found, 0-197 
3 5 289 it -88 —0-30 acitd 15-59 93 
O77 00 40-0080 520 
Vie RECOVERY OF ARSENITE IN PRESENCE OF ARSENATE 4 
‘ n th 
cent. w/v Volume of Titre of in 1¢ 
sodium sodium cent. per I 
arsenite arsenate Sodium Sodium w/v N-bromo- Sodium 4 Tabl 


mg 


Arsenite mixed with 0- ber arsenate solution— 


"OV 
Arsenite solution with 0-005 per cent. arsenate Vo 

RECOVERY OF ARSENIOUS OXIDE BY THE PROPOSED 


Ansenious ox oxide content of sample, mg or wg = 197: 84. vc /356, where v and ¢ are 
definedon 29000 


For 0-1 per cent. w/v arsenious For 0-01 per cent. w/v arsenious 
oxide solution __ oxide solution 


0-1 per cent. 


arsenious” ‘1 per cent. 
oxide w/v N-bromo- Arsenious w/v N-bromo- 
solution oxide = succinimide oxide oxide — succinimide oxide 
used, content solution, found, Error, content, solution, found, Error, 


% 
40-40 
+0-50 —400 


16 
0-72 400-13 


+033 300 300-09 

+100 1000 J Pace 
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The e experimental er error, as ; deduced from the results in Tables I and II, does 
+ 2 percent. 
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DETERMINATION. OF ARSENITE IN PRESENCE OF ARSENATE— 


ion A standard arsenite solution was prepared by diluting 10 ml of 0- 5 per cent. hee 
ns. | arsenite solution with distilled water to 100 ml in a calibrated flask. Similarly, standard 
_ BP arsenate solution was prepared by dissolving 5 g of sodium arsenate in 100 ml of water, and © * 
portions of this solution were diluted 100-fold and 1000- fold. Measured volumes of these 
_ [solutions were mixed, and the arsenite in the mixtures was determined by the ‘proposed — 


Before the proposed method was applied to the determination of arsenious oxide, we 
decided to verify the reaction between N-bromosuccinimide and arsenious oxide from a a 


quantitative point of view. It was assumed that one molecule of arsenious oxide was 
Foxidised by two molecules of N-bromosuccinimide. Accordingly, a solution containing 
* 0-19784 g (1 millimole) of arsenious oxide per 100 ml was titrated against solutions containing  —__ 
rah 0-178 and 0-356 g (1 and 2 millimoles, respectively) of N-bromosuccinimide. It wasfound | | 
3 that the reaction between arsenious oxide and was in the 
molecular concentrations expected; the results were— at: 

) mole per 100 ml) used, ml .. 10 5 ball i 
= Titre of N-bromosuccinimide solution (1 milli- : a 

Liquor arsenicalis 1 per cent. of arsenious oxide was prepared as 


in the British Pharmacopoeia, 1932. It was diluted 10-fold and 100-fold with distilled water | 
in 100-ml calibrated flasks to give solutions containing 1 mg and 100 wg of arsenious oxide © 
per ml. _, Phese solutions were analysed by the proposed method; the. results are shown in © 

_ Aseries of comparative analyses was carried out on the Liquor arsenicalis by the proposed om 


method and by the iodine method!*; the results are in Table 
OF FOR ARSENIOUS OXIDE BY THE PROPOSED METHOD AND 
7 4 ml of 0-1 N N- bromosuccinimide or iodine = 4-946 m of arsenious oxide 


Volume of N-bromosuccinimide as titrant ‘With 0- 1 N iodine as titrant 


99 49 41 —1-18 10:30 50:94 +188 


808 80-06. 0-10 820 40:56 

04 1998 —0-10 £10 20-28 +1-40 


s _ The accuracy of the iodine method depends mainly on the concentration of arsenious ; 
7 oxide in the sample solution. The results in Tables II and V show that the iodine method is — 
_ Jonly accurate to within +4 per cent., especially when the amount of arsenite in the — 
or, fis as small as 5 mg. — The experimental error was somewhat higher than expected because — 
° | the standard iodine solution exerted an appreciable vapour pressure of iodine’’ during titration _ 


= | and therefore decreased slightly in concentration; iodine was also lost by volatilisation, 
| The results in Tables I ond IV show that the proposed method surpasses the generally 
accepted iodine method in accuracy and sensitivity. Titrations with 0-1 per cent. N-bromo- | 
ceed | Succinimide solution are preferable to those with the less stable standard iodine solution, 
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A SENSITIVE METHOD FOR DETECTING SUGARS ON PAPER CHROMATOGRAMS 
_Ex and Hultman! developed a colorimetric method for determining glucose in body fluids; they 
used the condensation reaction between the sugar and p-aminobenzoic acid or m-aminophenol 

in an almost water-free solution of glacial ; acetic acid to produce a coloured product. On the 

basis of their findings, an attempt was made in this laboratory to use a solution of p-aminobenzoic 
acid in glacial acetic acid for the identification of sugars separated by paper chromatography. 


The sugars used were raffinose, lactose, glucose, galactose, fructose, 


A 0-002-ml portion of a 0- 2. per cent. solution, i.e., 4 pg, of each sugar was placed on a piece 

of Whatman filter- -paper, 10 inches x 10 inches, especially prepared for chromatographic work, 

the spots being about 3-5 cm from one of the edges of the paper and about 2-0 cm apart. A mixture 

_ of ethyl acetate, acetic acid and water (3:1:3) was used as developing solvent.? ~ About 3 hours 

_ were needed for the solvent front to travel to the opposite edge of the paper when subjected to 

a descending-solvent technique. After completion of the run, the paper was dried for about 


15 minutes in a current of air at room temperature; about 30°C. The dried paper was sprayed 
with a 1-0 per cent. solution of p-aminobenzoic acid in glacial acetic acid and heated at 105°C 
for about 10 minutes. Under these conditions, rather faint brownish spots for glucose, galactose 
and mannose and a distinct pinkish brown spot for xylose appeared on an extremely pale brownish 
background; no spots were formed by the other sugars. fy 
An attempt was then made to utilise the general principles of the chromatographic identifica- 
tion of sugars by converting the sugars to furfural or its derivatives and forming coloured products 
_ with p-aminobenzoic acid. As oxalic acid can be used to convert hexoses to w-hydroxymethyl- 
- furfural®, the use of this acid was tried. The spraying reagent could not be prepared by 
dissolving oxalic acid in a solution of p-aminobenzoic acid in n-butyl or isobutyl alcohol or any 
other common organic solvent, as an insoluble derivative appeared when the oxalic acid (0-5 g) 
- was added to a 1 per cent. solution of p-aminobenzoic acid. A double-spraying technique was 
™ therefore used. After the chromatogram had been run and dried as before, it was uniformly 
sprayed with a 1 per cent. solution of p-aminobenzoic acid in isobutyl alcohol and dried at 
room temperature for about 15 minutes in a current of air; it was then sprayed with a 0-5 per cent. 
solution of oxalic acid in isobutyl alcohol and immediately heated at 105° C for about 10 minutes. 
In en of 4- He amounts of sugars, distinct chocolate- brown to yellowish bi brown Spots on an 
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lose. formed by s sucrose, lactose were faint, and ‘those by 
_ [fraffinose and fructose were extremely faint. In presence of 2- -~g amounts of sugars, only glucose, 
160. po mannose and xylose could be detected; the other sugars formed no spots. = 
_ However, when a 0-5 per cent. solution of oxalic acid in glacial acetic acid was used for the 
his seule spraying, 2-u~g amounts of all the sugars formed easily detectable spots, although that 2a 
_ [formed by raffinose was somewhat faint; each spot had a sharp boundary. When an aniline - Fa 
er pine acid reagent? was used as spraying reagent and the amount of each sugar ‘present was i, 


~' Bspots developed with the proposed reagent were more distinct. “When the amount of each sugar 
5710. Fpresent was 1 yg, spots formed by glucose, galactose, mannose, xylose and rhamnose could be ok 
—Edetected with the proposed reagent, whereas with the - phthalic acid the only 
3reen _ A mixture of 2-yg amounts of raffinose, glucose, xylose and rhamnose, which have appreciably 

oly different Ry values in ethyl acetate - acetic acid - water mixture, was subjected to paper chromato-— 


| Each of the separated sugars could be with the peaposed 


a With l-pg amounts of Gee sugars tested, the: apots formed by "mannose, 
= thammnose were faint but detectable. _ With 2- “pS amounts, the intensity of the spots improved | 

} _ ffand with 4-y~g amounts all spots were distinct. When the amount of each sugar present was — 

LP ty increased to 8 yg (the largest amount tested), the spots were even more distinct. 


S§ +‘ The spots obtained by the proposed method are on an extremely pale greyish ‘brown “The 

__ [ground and persist for several days without any appreciable reduction in colour intensity. The — 

they § method is most sensitive and can be applied to a wide variety of sugars; it is hoped to appl it 
Pp pe Pply 


a to the detection of various : ‘sugars in biological | fluids, especially | in “human sweat. . aren 
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THE DETERMINATION OF GALLATES IN 


wnish the Antioxidants in Food Regulations, 1958, limited amounts of n- propyl, 

_ | n-dodecyl gallates are permitted i in certain foods. To avoid the expenditure of unnecessary effort 
tifica- f on samples eventually proving to be perfectly satisfactory, a rapid and reasonably accurate sorting © 
ducts H test, with a recovery of at least 95 per cent., was desirable. & was a sufficient vom 


(0-5 g) The mienebi colorimetric _—_ for determining gallate, involving the ae of iron, was un- 


ie was} satisfactory in methanolic solution. However, it was found that when a gallate in 95 per cent. 
ormly} methanol was shaken with solid ammonium ferrous sulphate, a clear and stable blue ee 
ied at} was obtained; such solutions obeyed Beer’s law over the range 0-0 to 0-8 mg of gallate, a 
‘cent.Jabsorption in the visible region occurring at 58004. The absorption spectrum for m ‘propyl 
‘fF gallate is shown in Fig. 1; the shape of the curve is characteristic of all three gallates, but = oo 


optical density at any given concentration depends on the particular ester present. = = ~ 
| 
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er Application o of this reaction to extracts of fats in 95 per cent. methanol produced abnormal PROCE 
= results, owing to the development of turbidity in the solutions and to the synergistic effects of =, 
a other extracted matter. It was found that these effects could be nullified by shaking the extract ina Vv 
_ with analytical-reagent grade calcium carbonate, which neutralised any extracted acidity and paraft 
7 - assisted in the clarification of the solution by coagulating some of the extraneous matter. The (separ 
- Madition of 10 per cent. of analytical-reagent grade acetone after filtration further stabilised the calibr 
solution, and recovery experiments showed that there was no detectable loss of gallate during] upper 
treatment with calcium carbonate and that the colour was not affected (except by dilution) by of the 
- addition of acetone. The use of solid ammonium ferrous sulphate removed those difficulties}. 
attendant the use of an unstable reagent, such as ferrous tartrate solution. suffici 
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ul Fig. 1. spectrum of solution 
. ferrous sulphate and 0-44 mg of n- propyl gallate in 95 per cent. 


methanol; final vol ll ml 


‘ In a method described by Vos, Wessels and Six, large volumes of fat were extracted with 
ss ‘relatively small amounts of solvent; this necessitated several manipulations in order to achieve 
_ reasonable recovery. We have found that oils can be extracted directly with 95 per cent. methanol 

at 40° to 45° C and that solid fats can be extracted similarly when diluted with an equal volume 
of liquid paraffin. ‘Under these conditions the recovery of added gallates in = extractions 


q a: tubes, each of “which has a bulb of capacity 10 to 12 ml a jodi | i 
blown in its side at the bottom (see Fig. 2); they — the Brign 


separation of an upper layer simply by by ‘tilting the tube 


__-Unless otherwise stated, all must be of 
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Calcium carbonate. 
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‘Vigorously 10g g of warm liquid with 25 ml of 95 per cent. methanol for In minute J 
Hin a vessel of the type shown in Fig. 2. (For solid samples, use a 5-g portion plus 5 ml of liquid as 
: paraffin.) Place in a water bath at 40° to 45°C, and allow to separate for about 15 minutes | 
separation into clear layers is unlikely and unnecessary) . Pour the upper layer into a 50-ml 
‘Nef calibrated flask, repeat the extraction with 20 ml of 95 per cent. methanol, again transfer the — 
sfupper layer to the flask, and dilute to the mark. Add 1 g of calcium carbonate to the contents — zx > 
of the flask, Shake for 30 seconds, filter through a , Whatman No. 1 filter-paper, and reject the : 


sufficient to ensure a a clear filtrate at this stage. ) To 10 ml of filtrate add exactly 1 ‘ml of poached 
and about 10 mg of powdered ammonium ferrous sulphate, and shake for 1 minute. Set aside c? 
for 30 minutes to attain full colour development, and measure the optical density at 5800 a in ip 
l-cm cells with a Unicam spectrophotometer. _ For extremely dilute solutions larger cells 

~ Calculate the amount of of gallate present per 11 ml of final solution from the eRe: : 


in which d is the of optical density measured in 1-cm cells and & has the value 0-622, 0-785 or 0-952 


for n-propyl, m-octyl or n-dodecyl gallate, respectively. (It is recommended that these factors — 


‘The gallates oils and fats by the proposed method are in 
Table I. When necessary, the esters can be distinguished from each other by a method such ¢ as a 
_ RECOVERY OF ADDED GALLATE FROM OILS AND FATS 
Gallate 
200 
96-0 


100 
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| with ethylenediaminetetra-acetic acid was first described by Fritz, Richard and Karraker. 

| During investigations into the application of certain masking agents in EDTA titrations with 

xylenol orange as indicator,* it was found that acetylacetone (2:4-pentanedione) could be used 

a masking agent for aluminium, iron™, beryllium, palladium and uranium when determining ; 


Pb**, Mn**, Co™, Tht, Ca*+, Lat+, Bit, Cor por 52 


real 


‘The complexes formed by -acetylacetone with aluminium, iron, beryllium, ‘palladium ‘ond 
uranium are much more stable than either the metal -xylenol orange complex or the metal - T orang 
EDTA complex. — Lead and zinc do not form stable complexes with acetylacetone and can thereforef 
be titrated in the presence of any of the metals just mentioned without interference, provided 9 ‘ 
“that acetylacetone is added to the solution before titration. Zinc forms a weak complex with : 
-_acetylacetone, especially in warm n solution, but the zinc - EDTA complex is so strong that zinc were 
can be removed from its complex with acetylacetone by titration with EDTA. Iron and uranium § 
both produce somewhat intense colours with acetylacetone, and this makes normal titration and | 
end-point detection impossible. The addition of an organic solvent, such as nitrobenzene or 

_ chlorobenzene, permits the colour to be extracted into | the organic layer, and the end-point - , oy 
then be detected in the aqueous layer, ‘ 
_ Molybdate can also be masked with acetylacetone, but the complex so formed is stable only§ 
in strongly acid solution, and the reaction is of practical use only when titrating a metal such as 4 
_ bismuth.?.5 In absence of acetylacetone, molybdate forms a weak complex with xylenol orange 


and also a precipitate with bismuth at the a pH for determining bismuth oF Cee 


against EDTA with xylenol orange as indicator. eu" Sa 


EFFEcts OF VARIOUS SALTS © elk TITRATION OF LEAD AND ‘ZINC NITRATES WITH | 


Titre of 0-1 M EDTA for— : 
solution containing solution . cons 


At 


Solution B plus 1 g of Fe(NO,)s. 9H,0 


Solution B plus 1 g of AI(NO,);.9H,O solu 
Solution B plus 1 of UO,(NO,)_.6H,O of h 
Solution B plus 1 g of BeCO, dissolved in nitric acid pro 
Sclution B plus 1 g of Pd(NO. infin, fi: 
: _ * Fifty millilitres of a solution containing zinc or lead, as nitrate. red 
t Solution A plus 5 ml of acetylacetone. — 7 


P 


absence of ether metals*—To 50 of a neutral or slightly acid solution of the sample add § 
2 mi of 5 N nitric acid and 5 g of hexamine or sufficient to produce a pH of 5 to 6. . Titrate against Ad 
0-1 M EDTA with 5 drops of a 0-2 per cent. aqueous 80 solution of xylenol or orange as indicator until 
the colour changes from wine-red to pure yellow. 

_ _ ‘In presence of beryllium, palladium or aluminium—Proceed as described above, but add 5ml § 
of acetylacetone before the solution is buffered with hexamine. Acetylacetone forms an almost | ™ 


colourless insoluble precipitate with any of these metals, 
In presence of iron or uranium—To 50 ml of a neutral or slightly acid solution of the sample 7 
ina a stoppered 500-ml flask add 2 ml of 5N nitric acid and a few drops of 20-volume hydrogen 
7 PP P y 
_ Peroxide to oxidise any ferrous salt present. , (In absence of iron this can be omitted.) ma To the 


or lead. In Table I are summarised the masking effects of acetylacetone?:* on certain cations § clear < 
— 
— 
4 
q 
- 


clear ar and cold solution add of acetylacetone and 5g g of hexamine to the pH 
to pesinige on 5 and 6. _ Add 50 ml of nitrobensene, and shake vigorously to extract the metal - acotyl- a 


om indicator solution, and titrate immediately with 0-1 MEDTA. Add titrant slowly « as the end-point © 


is approached, and observe the colour change in the aqueous layer. ec ae 


g - To the clear strongly acid solution containing bismuth and molybdate add 5 ml of acetyl. 
acetone. r Mix well, and set aside until the acetylacetone - molybdate ‘compound has been com- _ 

pletely precipitated. Adjust the pH of the solution to between 1 and 1-5 with 5 N sodium hydroxide ~ 
or 5 N ammonium hydroxide, add 1 ml of xylenol orange indicator solution, and titrate with 0-1 M 
EDTA. | Towards the end of the titration, the colour of the solution begins to fade. At this — 
point, “add sufficient alkali dropwise to restore th red - orange colour of the bismuth - xylenol 


We thank the of Hopkin and | Williams Ltd. permission to this 
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basen: DETERMINATION OF SULPHIDE SULPHUR IN MINERALS 


A RAPID and accurate method for determining ‘sulphide sulphur rin minerals co containing the sulphides aa 
of lead, zinc, bismuth, manganese, nickel, cobalt, silver, etc., has been described. This method 
consisted in reducing the mineral with hydriodic acid to evolve hydrogen sulphide, which was 
swept off in a current of hydrogen or nitrogen and absorbed by a suspension of cadmium hydroxide, 

the sulphide being determined iodimetrically. It was pointed out, however, that this method : 
could not be applied to the analysis of pyrite and chalcopyrite, as the reaction is extremely slow. ’ ri 
We have found that the reaction can be hastened to » completion by using a more concentrated — 
solution of hydriodic acid (analytical- reagent grade, sp.gr. 1-7, containing from 54 to 56 per cent. 

of hydrogen iodide). Solution of such minerals as pyrite or chalcopyrite i is smooth and complete, 
provided that a pellet of mercury is added to the sample. — 

the reaction vessel gently. The free iodine usually present in the hydriodic acid can easily ~~ 
reduced by adding a few crystals of sodium ii 7” gives a colourless reagent solution. 

7 - Place 50 to 100 mg of powdered mineral (it need not necessarily be finely | ontidtinds in the 
‘reaction vessel,! add a small pellet of mercury, and displace the air in the apparatus by hydrogen. 

Add about 5 ml of hydriodic acid, and gently warm the flask. _ Sweep off the hydrogen sulphide, — 4 
— it in an alkaline ee of cadmium hydroxide, , and carry out the See as) 


in the reaction vessel can be used for determining other components of the sample re a standard — 

Some rep representative samples. of sulphide ‘minerals were by the proposed method; 
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SULPHIDE SULPHUR FOUND IN VARIOUS MINERALS 


It can be seen that the sulphide iene present can be determined with reasonable accuracy. 
_ The results of duplicate determinations agreed to within 0-5 per cent., and determinations of total 
sulphur by wet oxidation gave the same values as those found by the | 


that the mineral had under, one any a reciable 


a In view of the commercial and practical importance of determining nent in such plein 
as pyrite, the proposed method provides a valuable and rapid procedure. There is no possibility 
_ of any interference by other radicles, such as iron, and no danger of contamination by the products 
_ Of combustion when gas flames are used (these combustion products usually contain oxides of 
: ‘sulphur, \ which are reported to be taken up avidly by alkali fluxes and oxidising solutions)* J 
a ] The preparation of a solution in determining the sulphur content of antimony sulphide 
‘minerals is said to be difficult,? but a naturally occurring sample of stibnite can be analysed for 
_ sulphur in 1 hour by the proposed method; the result obtained agrees with the calculated value. 
This is also true for arsenic sulphide minerals, 
If pyrite is treated with concentrated hydriodic acid alone, about 14 per cent. of the sulphur 
present is evolved as hydrogen sulphide, whereas, in presence of mercury, the entire amount is 
recovered as hydrogen sulphide. In presence of mercury, even a more dilute reagent solution, 
such as that prepared by mixing concentrated hydrochloric acid and potassium iodide solution,! 
will react with pyrite to evolve hydrogen sulphide quantitatively. - By virtue of its reducing 
action and ability to form complexes with metallic derivatives and so hold them in solution, 
hydrogen iodide can react with such a mineral as pyrite, which is insoluble in a non-oxidising 
_ Solution of pyrite in presence of mercury is due to galvanic ‘effects ‘rather on to chemical 
reaction. _ The reaction is slow when a mercury salt (mercuric chloride) is used instead of metallic 
mercury. _ Any metal more electropositive than iron, e.g., lead, tin, copper or silver in powdered 
form, will have the same effect as mercury, whereas zinc and aluminium, which are more electro- * 
negative than iron, will not. All these metals specified dissolve rapidly in the acid, but, mercury ff 
is more electropositive than most of them and is easy to handle; its use is therefore preferred. 
_ Further work is in progress to ascertain the role of Rey and other metals in aac en, a 
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THE STAINING OF CAST EXPLOSIVES FOR 


_ OF THE CRYSTALLINE STRUCTURE 


THE nature of the microstructure of cast high e explosives i is of importance, since in some instances | 
it can be correlated with the explosive properties.’*.3 Various observational techniques have | 
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7 Typical photomicrographs: (a4) RDX in matrix of TNT; 40 — 
tetryl- TNT; (d) and (e) boundary between 60/40 RDX - TNT and 50/50 amatol _ Wh fia 


Fig. 1. 
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Williamson? ron as used two methods, a microtome technique i in . which a thin film of explosive re 
adhering to a backing material is examined under a polarising microscope and a “‘film and cast” ix es , 

technique in which a cast of the surface features is made and studied. © Another. approach is to 
use a stain to show up one component. Pristera® has investigated the reactions between trinitro- — 
toluene (TNT) and the hydroxides of sodium, potassium and ammonium, v which produce a reddish Sag 
colour.*.? He found that N potassium hydroxide in 1 diethylene glycol can. be successfully used — 


as a staining agent on an explosive specimen cooled by solid carbon dioxide, i 


_ Amore convenient staining technique can be based on the coloured complexes formed between 
some nitrobodies and organic bases. The most convenient base for this purpose has been found — 

to be dimethylaniline, which gives a red colour with TNT, orange with tetryl and picric acid 
and no colour with the other common high explosives. The method used is to cut a section about 
3mm thick from the end of a casting by means of a fine saw and to smooth one face of this by 
rubbing gently on | glass- paper. The specimen i is then glued by this face to a microscope slide aa 
and its thickness reduced to about 1 mm with | a microtome. The surface is lightly wiped first 2 iF. 
with a cotton-wool pad moistened with acetone and then one wetted with dimethylaniline. wr. The ues 
specimen is examined under a microscope by transmitted white light. ily 


selection of typical obtained by this method is shown in Fig. Fig. 


(P ETN ), respectively, in a ate of TNT. Fig. 1 (c) shows ‘the structure of 60/40 tetryl - TN TNT, 
in which the crystals of tetryl are embedded in a matrix of the eutectic conglomerate. ea anit? oe 
In investigations of the transition of detonation from one explosive to another good contact 
be etween the two ‘compositions is essential, _ and this can best be done by casting « one material on 


to the other.® © Figs. 1 (d) and 1 (e) show about 5 mm of the , boundary 1 between 60/40 RDX - alo it 
and 50/50 amatol. Fig. 1 (d) shows a perfect j join, but Fig. 1 (e) shows what happens when there ~ Es, 


is a wide temperature difference between the already solidified substance and the second melt. a “4 


A — lay er rich in TNT ms formed, 3 and d this can be se seen ne ee | the interface. = pee. 
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oF ELECTROLYSIS. By C. W. Davigs, D.Sc., vi+ 30. London: 


The Royal Institute of Chemistry. 1959. Price 3s. 6d. 


_ This is the first of the monographs for teachers issued by the Royal Institute of Chemistry. 
T ‘he aim of the Institute is to provide ‘‘concise and authoritative accounts of selected well-defined 
topics in chemistry for the guidance of those who teach the subject at G.C.E. Advanced Level 
eae: above.”” It was believed that these monographs would be of value also to a wider readership. 
‘The pa of this first booklet is of undoubted interest to analysts, for electrolytic processes 
om provide u us with an elegant analytical technique. Bones are chapters 0: on First Principles, 


is a short severe ‘principles, and, in an appendix, a a list of standard electrode potentials 
ie Professor Davies and the Royal Institute of Chemistry are to be congratulated on the prepara- 


tion and publication of this useful little booklet 
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-MEtHops. Vor Edited by MICHAEL LEDERER. Pp. x Amsterdam, 
New York and Princeton: Elsevier Publishing Co.; London: D . Van Nostrand Co. Ltd. 


= Too ua new journals and reviews are now being produced to benefit publishers’ profits, 
_ one fears, rather than 1 the world of science. Yet when they appear, they have to be > bought and 
_ read for fear of missing something important—which could just as appropriately have appeared 
in an established journal. _ It is especially questionable whether or not new publications dealing 
_ with techniques rather than subjects are needed. 
he _ Casemeageagets Reviews, Volume I, was accordingly read against this. background of pre- 
7 judice. _ However, the high quality of the papers included force one, albeit grudgingly, to admit 
_ - this coer as an exception. _ It deserves a place in the library of any institution where ee 
graphy or electrophoresis is practised at all extensively. 

____ This Review is in any event different from most others. — The papers were not solicited speci- 
- fically for the volume, but are reviews that have already been published i in the Journal l of Chromato- 
graphy. The difference is that all but one of the originals were in French or German, | but they 
-Te- -appear as English translations. For English-speaking readers, therefore, this Review is to 
some degree a more convenient alternative to the Journal. Also included is Neher’s valuable | 
book “Chromatographie von Sterinen, Steroiden und vorwandion Verbindungen,”” very well translated 
by P. Oesper of Philadelphia. The other papers have also been excellently translated by Miss 
A.M. G. Macdonald of Birmingham University. She has, it is true, admitted one brave new word, 
but it is so expressive and concise that it deserves a place in the language. This is “demixion,” 
meaning the partial separation on paper or a chromatostrip of the components of a solvent mixture 
cused for development, such that there are virtually two solvent fronts, which sometimes | improves 
: * Incidentally, it is a pity that nomenclature in 1 this field has not been standardised. In par- 
4 ticular, the word ‘‘develop” is used to mean running solvent through the chromatogram and 
: also in the different photographic sense of rendering a colourless ~ ay visible by spraying with 
@ reagent: none of the alternatives, to ‘ “locate,” “reveal,” or “visualise,” is quite as 


‘The first two papers, by E. Demole on chromatostrips and chromatoplates and by H. Michl 
on high-voltage electrophoresis, provide admirably concise, critical and well documented reviews 
of these topics. The third, by L. Reio, on paper chromatography of phenols, mould metabolites 
and related compounds, covers original work by the author. _ He has elaborated a kind of mass- 
1 production technique by which unknowns are run in six solvent systems and sprayed with eleven 


reagents, referred to a colour-pencil chart. == | 
‘The paper by G. B. Marini-Bettolo and G. C. Casinovi on strychnos and curare alkaloids, 
although well written, is depressing on account of the complexity and inconclusiveness of the results. 


Neher’s exhaustive treatment of the steroids (with 393 references) was mentioned earlier. There 


contributor), and the last two are in the inorganic field. H. Hettler has provided a concise but 

_ full summary of the paper chromatography of inorganic phosphorus compounds. The final 

chapter by M. Chemla, on isotopes, is also interestingly written, although it is of less practical 


orelectrophoresis, 
: za The whole book is well produced and commendably free from errors; it constitutes an in- 
v 


. LESTER SMITH 
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q reagents. The Ry values of 450 reference compounds are quoted, as well as the colours with various 


follow two useful papers on plant pigments, by Z. Sestak and by J. B. Harborne (the only English | 


value, because only in rare instances can isotopes be completely separated by aati atte 


aluable reference book for those working on the topics covered or related ones. mule fe eh ott, 
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ORGANIC. An Annual Publication of Satisfactory Methods for the 
Organic Chemicals, Volume 39. Editor-in-Chief: Max TISHLER. . Pp. viii + 114. New 
York: John Wiley é & Sons Inc. ; London: Chapman & Hall Ltd. 1959. $4.0 0 


‘SmitH and R. Montcomery. Pp. x + 627. 
poration ; London: Chapman & Hall Ltd. 1959. $18.00; 144s 


THE CHEMICAL Amayais oF AIR POLLUTANTS. Morris B. Jacoss, Ph.D. Pp. xviii + 43 
New York and London: Interscience Publishers Inc. 1960. Price $13. .50 102s. 
AN INTRODUCTION ° TO PRACTICAL INFRA-RED SPECTROSCOPY. By A. D. Cross, B.Sc PaD. 
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SEPARATION AND IDENTIFICATION OF ‘Foop CoLours PERMITTED BY THE MATTERS 


Foop REGULATIONS 1957. By The Association of Public Analysts. 


+501. London and Blackie & Son Led. i900. Price 27s. 6d. 
LIAISONS ET PRopRitTés Cuimiguzs: INTRODUCTION A LA THORIE DE LA LIAISON CHIMIQUE. 
J A. A. Keteraar. Translated into French by M. +37 Paris: 
CHEMICAL ANALYSIS: AN Apvancep AND A. 


Pp. xiv + New York, Toronto and London: McGraw-Hill Book Inc. 


we ORLD Review OF Norernion AND Edited by Guorrrey I H. Bourne. Volum 
1 ag Co. Ltd. 1959. 60s. 


GLASS TEcHNoLocy. Vol. I, No. 1960. Edited by R. W. Dovuetas. Pp. 52 + 
Abstracts, 1A-16A. Sheffield: Society of Glass ‘Technology. Subscription price 135s.per 


February, 1960. Edited by 
Sheffield: Society of Glass Technology. Sub- 


Joint subsoription to both the above j journals £10 volume. ‘ 
INSTRUMENTAL METHODS OF ‘CHEMICAL ANALYsIs. By Gatew w. "Second Edition. 


London: Hilger & Watts Ltd. 


Schwarz Memorial Volume. 


A HIsToRY oF GREEK FIRE AND GUNPOWDER. PARTINGTON, 


+ 381. Cambridge: W. Heffer & Sons Ltd. 1960. Price 70s. 
GASANALYSE: METHODEN DER ARBEITSPRAXIS. By Dr. Fritz Bavzr Dr. GEORG WAGNER. 
Pp. xii + 288. Stuttgart: 1960. P i 
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‘REPORTS OF THE ANALYTICAL METHODS COMMITTEE 


a: Reports of the Analytical Methods ‘Committee listed below m may be obtained direct from the 
_ Secretary, The Society for Analytical Chemistry, 14 Belgrave Square, London, S.W.1 (not through Trade 
> _ Agents), at the price of ls. 6d. to members of the Society, and 2s. 6d. to non- members ms 
accompany orders and be made payable to for Analytical Chemistry.’ ma 
_ Sub- Committee on Dirt in Milk. Report. - Determination of Dirt in Milk. 
7 _ Report No.1. Estimation of Cineole in Essential Oils. (1) Cajuput and Eucalyptus Oils. A 
Report No. 4. Interim Report on the Determination of Constituents in Essential 
Report No. 5. Determination of Phenols in Essential 
‘Report No. 7. Determination of Solubilities. 


No. 9. Determination of Carvone and Menthone. 


Report No. 13. Determination of Esters. (Addendum to No. 13, Gratis. 
No. 14. Solubility Test for Ceylon Citronella Oil. (Gratis) 
Report No. 15. Determination of Linalol in Essential Oils. 
a Application of Gas - Liquid Chromatography to Essential- oil Analysis: Interim pet on mt Deter- 
mination of Citronellol in Admixture with Geraniol. 


Metallic Impurities in Foodstuffs Sub- Committee nen ye 


Notes on Perchloric Acid and its Handling in Analytical Work. 


Sub-Committee on the Determination of Unsaponifiable Matter in Oils bay ae and of Un- 
Report No. 1. Determination of Unsaponifiable Matter in Oils and Fats. 

_ Report No. 2. Determination of Unsaponified Fat in Soap. Out of print. raul a ! 
Report No. 3. Determination of Free Alkaliin Soaps. 
_ Report No. 4. Determination of Free Alkali and Silica in Silicated Soaps, od a 
Report No. 5. Determination of Rosin in re 
Report No. 6 Determination of Phenols in Soaps. 

_ Poisons Sub-Committee appointed to investigate Methods of Assay for Various Substances 
@Ppearing in the Poisons Schedules of the Poisons Regulations, — °° 

No. 1. _ Assay of Lobelia (Lobelia Inflata). 


Report No. 2. Assay of Gelsemium. 
Report No. 4. Assay of Yohimba. 
Report No. Assay of Ephedra a 
eport No.6. Assay of Ephedra and of Ephedrine in Nasa ae 
‘Fluorine in Foods Sub-Committee: 


_ _Report on the Determination of Fluorine in Foods. — (Adder 


Report on the Microbiological Assay of Riboflavine and Nicotinic Acid. 
The Determination of Carotene in Green-Leaf Material. ‘Part 1. Fresh Gees. 


= — Determination of Carotene in Green-Leaf Material. Part 2. 


The Microbiological Determination of Thiamine. 


Determination of Tocopherols in Oils, Feeding stu 
No. 1. Evaluation of Powdered Tragacanth. 
4 Report No. 2. Evaluation of Flake Tragacanth. ow 


Meat Extract Sub-Committee: 


Amalysisof Meat Extract. 
Determination of Gelatin in Meat Extract and Meat Stocks: Interim Report. 
Pesticides Residues in Foodstuffs Sub-Committee: ant 
Determination of Small Amounts of Total Organic Chlorine in Solvent Extracts of Vegetable Material. 
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